Metacognition in children : a study of kindergartener\u27s prediction strategies in a logo task on the computer. by Wickman, Joan M.
University of Massachusetts Amherst
ScholarWorks@UMass Amherst
Doctoral Dissertations 1896 - February 2014
1-1-1989
Metacognition in children : a study of
kindergartener's prediction strategies in a logo task
on the computer.
Joan M. Wickman
University of Massachusetts Amherst
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_1
This Open Access Dissertation is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for inclusion in
Doctoral Dissertations 1896 - February 2014 by an authorized administrator of ScholarWorks@UMass Amherst. For more information, please contact
scholarworks@library.umass.edu.
Recommended Citation
Wickman, Joan M., "Metacognition in children : a study of kindergartener's prediction strategies in a logo task on the computer."
(1989). Doctoral Dissertations 1896 - February 2014. 4506.
https://scholarworks.umass.edu/dissertations_1/4506

METACOGNITION IN CHILDREN: 
PREDICTION STRATEGIES IN 
A STUDY OF KINDERGARTENER'S 
A LOGO TASK ON THE COMPUTER 
A Dissertation Presented 
by 
JOAN M. WICKMAN 
Submitted to the Graduate School of the 
University of Massachusetts in partial fulfillment 
of the requirements for the degree of 
DOCTOR OF EDUCATION 
February 1989 
School of Education 
(c) Copyright by Joan Marie Wickman 1989 
Rights Reserved All 
METACOGNITION IN CHILDREN: A STUDY OF KINDERGARTENER'S 
PREDICTION STRATEGIES IN A LOGO TASK ON THE COMPUTER 
A Dissertation Presented 
by 
JOAN M. WICKMAN 
Approved as to style and content by: 
5 E.(/F< George .(/Dorman, Chairperson of Committee 
V\cfWT%Ac( pv \ jteXL 
Howard A. Peelle, Member 
ACKNOWLEDGEMENTS 
I would like to extend my sincere gratitude, both 
professionally and personally, to my Committee Members 
for their guidance, support and suggestions throughout 
my degree program. Each one of them spent hours 
working with me on the various aspects of this research 
project. A special thanks is extended to Dr. George E. 
Forman, my Committee Chairperson, for sharing his 
expertise in so many ways. His knowledge and experi¬ 
ence were invaluable. I would like to thank Dr. Howard 
A. Peelle for his careful scrutiny of the project's 
design and of the final manuscript. His thought- 
provoking questions always provided new insights. And 
last, but not least, I'd like to thank Dr. Marvin W. 
Daehler for his expertise and accessibility, 
particularly with regard to my statistical analyses. I 
feel I had the most knowledgeable and supportive 
Committee that any doctoral candidate could possibly 
have . 
I would also like to thank the Holyoke Public 
Schools for allowing me to conduct my research in their 
system. A special thanks is extended to all the 
children who particpated in the study and to the 
classroom teachers, Sharon Lowery, Mary Ginley and 
Christine Anderson, who rearranged their schedules to 
accommodate me and cheerfully tolerated the numerous 
IV 
interruptions this project caused. Their support as 
colleagues and friends was greatly appreciated. 
My sincere gratitude is extended to all the people 
who provided some form of technical assistance during 
this project. The list is too long to acknowledge 
everyone individually. However, I would like to 
collectively thank the Hampshire Regional High School 
staff for their assistance throughout my graduate 
program. This assistance ranged from sharing their 
knowledge of computer systems to lending of materials. 
I would also like to thank Howard Ahlskog and Cynthia 
Leggott for their technical assistance. Their help 
made printing this manuscript possible. 
Last, but not least, I'd like to thank my parents, 
Major and Sophie Lafontaine, family members and all my 
friends who supported me in so many ways throughout 
this educational endeavor. Most importantly, I'd like 
to thank my husband, Bruce. He has been, not only 
emotionally supportive throughout my degree program, 
but actively involved. He has made countless personal 
sacrifices so that my studies could continue uninter¬ 
rupted, and he has taken on the roles of editor, 
technician, graduate assistant, colleague, resource 
liason and numerous others. Equally important has been 
his loyal friendship and role as confidant throughout. 
As a small token of my appreciation, I'd like to 
dedicate this manuscript to my husband, Bruce Wickman. 
v 
ABSTRACT 
MEpred?c^oSNstoategiesEin A™ 0f kindergartener's iUN STRATEGIES IN A LOGO TASK ON THE COMPUTER 
FEBRUARY 1989 
JOAN M. WICKMAN, B.S., WESTFIELD STATE COLLEGE 
M.Ed., AMERICAN INTERNATIONAL COLLEGE 
Ed.D., UNIVERSITY OF MASSACHUSETTS 
Directed by: Professor George E. Forman 
This study investigated the effects that a 
predict-observe" strategy had on young children's 
performance and conceptual understanding of a computer 
task. The research project involved thirty-two 
kindergarten children who participated individually in 
five 20 to 30 - minute sessions using a microcomputer. 
these sessions, children were presented with simple 
line designs drawn on 9" by 7" cards. The subjects were 
asked to reproduce the designs using a software program 
called Delta Drawing. This program generates graphics 
using a LOGO-like language format simplified to single 
keystroke commands. 
Half of the children received an "immediate-feedback" 
(IF) treatment. They were asked to dictate computer 
commands needed to make the design. These subjects were 
permitted to observe the computer cursor executing the 
individual commands and to correct their inaccurate 
predictions immediately as they proceeded through the 
task . 
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The other half of the children participated in the 
"predict-observe" (PO) treatment. These children had to 
predict all of the code for a design at one time. Then 
they were permitted to observe the outcome (i.e. the 
computer's execution of the commands, the resulting 
computer graphic, and the written code for the 
prediction). After observing the outcome, subjects were 
given the opportunity to revise their predictions and 
observe the outcome of the revision. 
The results of this study confirmed that children 
using an IF strategy demonstrated better performance 
during the treatment. However on post-test measures there 
were few significant differences between the treatment 
groups' performances. Children in the PO group seemed to 
demonstrate equal understanding of the task despite less 
accurate productions of the designs during the treatment 
sessions. There were significant differences in 
verbalization patterns between the two groups of children. 
Most notably, IF children made twice as many metacognitive 
continents during the PO post-test than during the IF 
post-test. 
These results reinforce the view that performance is 
not equivalent to understanding. They also suggest the 
use of a predict-observe strategy to create cognitive 
disequilibrium in children; however, amounts and kinds of 
feedback, as well as instructional intervention, must be 
considered to maximize this strategy's effectiveness. 
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CHAPTER I 
INTRODUCTION 
Understanding young children's cognitive processes 
and their affects on learning has long been a focus in 
early childhood education literature. How do children 
integrate information, particularly if it conflicts 
with existing cognitive constructs, to form new, higher 
levels of conceptual understanding? what tasks enhance 
children's formation of rules and/or theories and 
improve their problem solving abilities? Some 
researchers have indicated that tasks which make a 
child question first impressions and outward 
appearances create cognitive disequilibrium (Inhelder, 
Sinclair and Bovet, 1974) . This disequilibrium seems 
to cause the child to reflect on the task and create 
solutions which might compensate for or correct the 
cognitive imbalance s/he is experiencing. 
In classrooms across the country, teachers 
frequently ask their students to explain correct 
responses they have given only to discover that the 
students cannot. Sometimes, children successfully 
complete a task yet have little understanding of how or 
why their answers are correct. Piaget's work (1976) 
has highlighted the fact that peformance is different 
from understanding. Understanding involves an 
awareness of a general principle or process; it can 
develop when a child shifts from a success orientation 
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to a theory testing orientation (Forman & Edwards, 
1982) . 
If children are to understand the concepts 
presented to them, they should be given opportunities 
to create and test the theories they propose. In doing 
so, they can develop an awareness of the variables that 
affect their performance. This awareness of one's own 
cognitive processes, of the task's components and of 
various problem-solving strategies is the essence of 
metacognition. Research has shown that children who 
are more reflective and exhibit more metacognitive 
behaviors demonstrate improved problem-solving 
abilities and better understanding of the task 
(Barclay, 1981; Flavell, Friedreichs & Hoyt, 1970; 
Goodman, 1981; Richards & Siegler, 1981; 
Karmiloff-Smith & Inhelder, 1975). 
Numerous questions about metacognition in children 
remain. How do educators help children to become more 
reflective? What kinds of tasks foster theory testing? 
What kinds of learning environments promote concept 
"understanding"? What should be the teacher's role in 
helping the child develop problem-solving skills? 
Currently there is a movement in early elementary 
education to shift the focus of education from an 
academic, rote/success orientation to one which 
emphasizes "learning to learn" (Inhelder er al., 1974) . 
3 
One method which has been found to promote 
reflectivity in children is the use of a 
"predict-observe" strategy (Richards & siegler, 1981; 
Forman & Edwards, 1982). Using this strategy a child 
is encouraged to make a prediction about an event then 
observe the outcome of that event to determine the 
accuracy of the prediction. This strategy seems to 
heighten the child's awareness of task variables that 
otherwise might have been overlooked. if the outcome 
differs from the prediction, a state of disequilibrium 
is produced. This "disequilibrium" changes the child's 
cognitive contructs of the problem and motivates the 
child either to keep testing his/her theory or to 
create a new one. 
In the present study, children were required to 
predictions and observe the outcomes of those 
predictions using Delta Drawing*. Thirty-two 
* Delta Drawing is a computer program which allows 
children to generate graphics using a LOGO-like 
language format. Using single keystrokes the child can 
command a "turtle" cursor to create a graphic design on 
the computer. Since the distances of segments and 
degrees of turns the turtle makes are predetermined, 
the child does not need a specific understanding of 
place value or number concept to interact with the 
program successfully. 
LOGO is a computer language created by Seymour 
Papert. One aspect of this language is "Turtle 
Graphics". The programmer uses commands such as 
Forward 100, Right 90, etc. to move a turtle cursor on 
the screen. If the turtle's "pen" is down, a line is 
drawn -- creating a design. Commands can be combined 
and named as procedures which can be executed as whole 
units or embedded within other procedures. 
A 
kindergarten children participated in the study. Each 
of the children participated individually in five 20 to 
30 minute computer sessions which were conducted on 
consecutive school days (when possible). During these 
sessions, children were presented with designs drawn on 
9" by 7" cards. The subjects were asked to reproduce 
the designs using Delta Drawing. 
Sixteen of the children received an "immediate 
feedback" (IF) treatment. During each of the treatment 
sessions, they were presented with two or three of the 
stimulus designs (one at a time) and asked to dictate 
the code (turtle commands) needed to make a design 
exactly like the picture on the cards. These subjects 
were permitted to observe the turtle executing each 
individual command and to correct any inaccurate 
predictions immediately as they proceeded through the 
task. 
Sixteen of the children participated in the 
"predict-observe" (PO) treatment. These subjects were 
also presented with stimulus designs (one at a time). 
Instead of reacting to individual commands, these 
children had to predict all of the code for each 
stimulus design presented to them. Once the entire 
sequence of code was predicted, the subjects were 
permitted to observe their predictions executed from 
end to end. They were not allowed to correct any 
errors they saw as the turtle was "drawing" the 
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graphic. For example, if, while watching the turtle 
execute the predicted commands, the PO subject saw the 
turtle turn in a particular direction and realised that 
it was not the direction that s/he had intended, the 
subject could not stop the turtle (or the examiner 
entering the code) at that point to make the 
correction. The PO subject had to watch the turtle 
complete the entire sequence of predicted code before 
s/he could make revisions. Thus, the subject had to 
assess the whole sequence of commands to determine 
which commands were accurate, which ones were partially 
accurate and which ones needed to be changed 
completely. After observing the completed turtle 
graphic, the subjects were given one opportunity to 
revise their predictions and observe the outcome of 
their revision. 
This study was designed to explore the general 
hypothesis that performance on a task is not equivalent 
to understanding of the task. Children who received 
immediate feedback were expected to demonstrate better 
performance during problem-solving tasks than children 
who were given delayed feedback via a predict-observe 
strategy. Despite their less accurate performance, 
children who used the predict-observe strategy were 
expected to demonstrate equivalent or greater 
understanding of the task's primary components (i.e., 
rule awareness, code/design correspondence) on 
6 
* 
post-test measures. The delayed, more global feedback 
the children received in the PO treatment was expected 
to induce greater states of cognitive disequilibrium. 
It was believed that as these children try to resolve 
the conflicts, they reflect on the task and personal 
variables affecting their performance more, which in 
turn gives them a deeper understanding of the task and 
their own cognitive strategies needed to solve the 
problem. 
Research on metacognition comprises a new frontier 
which promises to yield critical insights into future 
understanding of learning and cognitive development. 
The literature on young children's metacognitive 
abilities supports the hypothesis that performance does 
not always reflect understanding; however, no studies 
have carefully investigated prediction and observation 
as an effective means of increasing reflectivity. Nor 
have any studies specifically addressed the delicate 
balance between amount of disequilibrium needed to 
motivate a person to go beyond his/her present 
cognitive state to identify new solutions and the 
amount of disequilibrium which inhibits one from 
integrating schemes to form new cognitive constructs. 
The present study attempts to contribute information to 
the literature regarding these metacognitve issues. 
Investigating young children's cognitive abilities 
is not easy. There are numerous variables which affect 
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even the simplest of cognitive behaviors (e.g., one's 
interest, amount of information to be processed, 
environmental distractions, one's physical condition, 
etc.) . Some of these can be controlled and/or 
eliminated in a research setting, but many of them 
cannot. Tasks which engage children in cognitive 
conflicts, while simultaneously yielding observable/ 
measurable responses, are difficult to design. Many of 
the conventional materials used as problem-solving 
tasks (e.g., puzzles, blocks, sorting cups) require the 
child to integrate and utilize fine motor skills and 
eye-hand coordination as s/he completes the task. 
Other cognitive tasks require specific language skills. 
It is difficult to determine what effect these 
extraneous skills have on the child's overall 
performance. 
The computer environment used for this study 
(i-e.. Delta Drawing) helped to control some of the 
variables which typically affect a child's performance 
on a task. Specifically, in the present study, 
children did not have to manipulate materials to solve 
the problem and did not have to demonstrate 
sophisticated language skills. The task was uniform 
and consistent (i.e., turtle commands produced the same 
results throughout the task and for all children). The 
computer environment also provided a task which could 
be presented either as small discrete units or as an 
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integrated product, and it allowed for temporal 
differences in feedback. 
Because the child often has a difficult time 
assuming the turtle's perspective when planning and 
drawing a design (i.e., following the turtle's "nose", 
not his/her own), discrepancies occur between the 
child's inferences, as evidenced by his/her prediction, 
and the actual outcome. The sequence of commands is 
another critically important factor in the outcome of a 
design. "There is also a double-layered causal system 
in which 'I' cause 'the turtle' to cause an event on 
the screen by issuing a set of commands" (Fein, et al. 
p.lll). The turtle will do only what it's told to do 
and only in the language it understands. 
of these factors made Delta Drawing an 
appropriate environment for the present study. It was 
an environment which produced conflicts for the 
children to resolve and an environment in which errors 
could be objectively recorded. Analysis of these 
errors helped the researcher speculate about the 
various problem-solving strategies and theories 
subjects developed as they attempted to accomplish the 
task. The present study also raises two questions. 
First, what amount of disparity between a subject's 
prediction and the intended outcome is needed to 
maximize progress in theory development, and secondly, 
at what point does disequilibrium inhibit or interfere 
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With the integration of cognitive constructs? Thus, 
even though Inhelder, Sinclair and Bovet's work (1974, 
clearly indicates that "experience, particularly 
experience of discrepancies between one's predictions 
and ideas and the actual outcome of their realization, 
is an important factor in the acquisition of knowledge" 
(p.267), much more information is needed to understand 
the processes that occur during states of 
disequilibrium and the effects of specific task 
variables on these processes. 
The next chapter highlights some of the early 
childhood education research which relates to this 
investigation. 
CHAPTER Ii 
review of the literature 
Early investigations of metacognition focused on 
awareness of memory skills. Many of these 
to clearly define boundaries between cognition and 
metacognition (Cavanaugh s Perlmutter, 1982). Even today 
the distinction between the two kinds of mental processes 
is subtle. Flavell states 
'Metacognition' refers to one's knowledge 
concerning one's own cognitive processes 
and products or anything related to them, 
e.g., the learning-relevant properties of 
information or data. For example, I am 
engaging in metacognition (metamemory, 
metalearning, metattention, metalanguage, 
or whatever) if I notice that I am having 
more trouble learning A than B; if it 
strikes me that I should double check C 
before accepting it as a fact; if it occurs 
to me that I had better scrutinize each and 
every alternative in any multiple—choice 
type task situation before deciding which 
is the best one; if I become aware that I 
am not sure what the experimenter wants me 
to do; if I sense that I had better make a 
note of D because I may forget it; if I 
think to ask someone about E to see if I 
have it right. Such examples could be 
multiplied endlessly. In any kind of 
cognitive transaction with the human or 
nonhuman environment, a variety of 
information processing activites may go on. 
Metacognition refers, among other things, 
to the active monitoring and consequent 
regulation and orchestration of these 
processes in relation to the cognitive 
objects or data on which they bear, usually 
in the service of some concrete goal or 
objective (Flavell, 1976; p.232). 
A person's metacognitive knowledge is generally 
comprised of three variables - awareness of personal 
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capabilities, awareness of task components and awareness 
of problem solving strategies (Flavell, 1981). The first 
refers to one's knowledge of her/himself and other people 
as cognitive processors. Even preschool 
aware of some of their cognitive abiliti 
age children are 
es and capacities 
r at they can or can not remember or accomplish) ; 
however accurate awareness of one's abilities is not 
evidenced until much later (Wellman, 1977; Yussen & Bird, 
1979) . Even adults are not always accurate in identifying 
their cognitive strengths and weaknesses. At an early age 
children become aware that older children and adults 
usually can remember and engage in cognitive tasks more 
effectively than they can (Trepanier, 1982; Brown, 1978; 
Gross, 1985) . Brown (1978) uses the term 'metacompre¬ 
hension', the ability to ascertain "the state of one's own 
ignorance or enlightenment," to explain this metacognitive 
variable . 
Task variables refer to one's knowledge about what is 
required to complete a task or solve a problem. They 
include being able to detect the problem and analyze its 
components (Karmiloff-Smith & Inhelder, 1975; Yussen & 
Bird, 1979; Siegler, 1983; Brown, 1978). The third 
metacognitive variable refers to a person's ability to 
know what strategies s/he has available in her/his 
repertoire of cognitive skills and what strategies will be 
needed to complete the task or solve the problem. As 
Flavell (1981) has noted, "most metacognitive knowledge 
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actually concerns interactions or combinations among two 
or three of these types of variables" (p.66). 
in the past, parents and educators typically assumed 
that young children were neither aware of their cognitive 
abilities nor able to control or actively monitor them; 
thus, attempts at fostering these skills were commonly 
believed to be futile and inappropriate. However, recent 
research has indicated that the cognitive capacities and 
abilities of young children exceed what had been 
previously believed (Gelman, 1981/ Lawler, 1985; Chi, 
1978) . This finding has lead to a more abundant and 
diversified body of literature focusing on the 
metacognitive abilities of young children (See Appendix 
A) . 
Flavell et al. (1970) discovered that even 
preschoolers can identify their memory capacities with 
some accuracy; however this accuracy increased 
significantly with age. His research found that young 
children (preschool and kindergarten age) employ different 
memory strategies than older children when given a memory 
task. The fact that metacognition is a process that 
improves with age is not surprising. The more significant 
finding is that the foundations for these rather 
sophisticated cognitive functions are apparent in very 
young children. 
Wellman (1977) investigated whether three-, four- and 
five-year olds were aware of and understood the effects of 
13 
certain variables on the difficult, 
riculty of performing a memory 
task. He presented his subjects with sets of pictures 
depicting memory tasks of varying difficulty; differences 
. included number of items to be remembered, amount of noise 
present during the memory task, age of the person 
completing the memory task, amount of help the person 
received while completing the task, amount of time 
provided, use of a memory aid (i.e., drawing a picture) 
and the use of cues. He also included three pictures that 
depicted irrelevant factors (i.e., color of hair, people 
with varying weights, type of shirt). The children were 
most accurate when predicting the effects of noise and 
number of items to be remembered, and many children could 
substantiate their choices with verbal explanations. 
Some researchers have tried to develop metacognitive 
skills in children through training of specific mnemonic 
strategies. Brown and Barclay (1976) tried to improve 
children s recall accuracy by training them to use either 
a labeling, anticipation or rehearsal strategy (See 
Appendix A) . They found that the effects of the training 
were not lasting for the younger children, and even older 
children did not spontaneously use the mnemonic strategies 
even though they still had them in their repertoire. 
These results leave one to question the value in specific 
strategy training and even the merit in trying to 
accelerate cognitive processes which appear to be 
developmentally controlled. 
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Arguments against the training of specific mnemonics 
are legitimate, and few early childhood educators or 
researchers would recommend a training approach for the 
classroom. Instead educators would encourage the use of 
aterials and activities which naturally create cognitive 
conflicts and questioning strategies which help the child 
to focus on relevant task components. The child must 
discover the flaws in his/her own theories and modify them 
according to his/her level of understanding and ability; 
rules and theories that are imposed upon him/her will not 
be understood even though these skills may be successfully 
demonstrated for a brief time. 
Materials and activities which promote reflectivity 
in children do not require complicated or involved 
techniques or treatments. Barclay (1981) discovered that 
by simply asking kindergarten children, before they 
completed a memory task, what strategy they would use to 
recall the test items, they performed significantly better 
than children who were given the memory task without any 
questioning or strategy prompting. Richards and Seigler 
(1981) discovered a similar phenomenon in their work. 
They asked three year olds to predict which side of a 
balance scale would go down given the various combinations 
of weights placed on either side of the fulcrum. Children 
who were shown if their prediction was correct and 
encouraged to look carefully at the scale to see if they 
could tell why one side went down or why the sides 
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balanced performed significantly better on subsequent 
problems than those subjects who were simply shown if 
their prediction was correct and told if they were right 
or wrong. 
Obviously feedback and assessment are very important 
components to a child's metacognitive processes. 
Effective and efficient problem-solving and remembering 
depend upon a person's awareness and assessment of the 
feedback s/he receives while engaged in the task. S/he 
must be able to determine if a strategy is successful 
enough to maintain its use or if it needs to be changed. 
I'be feedback s/he receives may also provide the 
information needed to select a more effective means of 
storing and retrieving input. DeLoache, Sugarman and 
Brown (1985) discovered that even very young preschoolers 
(18 months) are able to use feedback from their task 
performance to assess and change strategies. They found 
that a child's use of error-correction strategies was not 
only dependent upon his/her repertoire and developmental 
abilities, but also upon the extent to which the task 
informed the child that s/he had erred, and the extent to 
which the error interfered with his/her objectives. 
Siegler (1983) has theorized that modification of rules 
from feedback which contradicts existing rules is the 
essence of learning. This theory begins to identify some 
of the differences that exist between performance and 
understanding. 
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Inhelder, Sinclair and Bovet (1974) explored this 
area of cognitive development in great depth. Using a 
variety of conservation tasks they investigated the stages 
or processes that young children go through to resolve 
cognitive conflicts. They identified four developmental 
phases that children go through when dealing with states 
of cognitive disequilibrium and rule formation. Initially 
when young children engage in a task and events occur 
which conflict with their present cognitive schemes they 
either ignore the discrepancies or keep the two modes of 
reasoning completely apart. It will not concern them that 
their theories for the occurrences may conflict. 
The second phase is marked by awareness that a 
conflict exists, and activity designed to understand the 
discrepancies. As Inhelder, Sinclair and Bovet (1974) 
state, once the children become aware of the discrepancy 
in solutions resulting from two different strategies, they 
begin to try to reconcile them" (p.261). 
Children in the third stage of schematic interaction/ 
integration create compromise solutions. Intermediate 
conflictual reasoning gradually replaces the disparent 
theories that the children had initially. In the fourth 
phase children are able to integrate his schematic 
constructs to form a theory (or more advanced cognitive 
structure) which accounts for all aspects of the task in a 
consistent/nonconflictual manner. At this point 
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equilibrium is restored, and the child is able to then 
aPPly this theory to analogous situations. 
Can a child's "movement" through the cognitive phases 
be accelerated (i.e. can cognitive development be speeded 
up)? Inhelder, Sinclair and Bovet (1974) found that 
questions and discussions at certain crucial points in 
the learning process can induce an awareness of 
contradictions, and provide the impetus for higher-level 
coordinations leading to new cognitive structures" (p. 
166) . This is not to say that specific training 
procedures were engaged in to produce this progress. As 
the researchers state 
no attempt was made to lead the child through 
a series of preprogrammed steps toward the 
correct solution of a problem. The procedures 
provided the subjects with a series of 
situations which favored their apprehension of 
the experimental facts and which led to 
numerous comparisons and conflicts between the 
subjects' predictions and ideas and the actual 
outcome of certain manipulations (p.243). 
Tasks which encourage inferences and predictions and which 
have outcomes that can be observed clearly seem to foster 
a child's cognitive development. 
Inhelder, Sinclair and Bovet's research (1974) 
supports the position that progress in cognitive 
development begins with disequilibrium which 
incites the subject to go beyond his present 
state in search of new solutions. But as this 
motive cannot in itself be sufficient to 
explain the construction of novelties, we must 
try to analyze the actual formation process, 
which is revealed in the attempts the child 
makes to find a new equilibrium and which 
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progressively lead him to go beyond the former 
limits of his knowledge (p.264) 
Research must also attempt to identify the critical 
balance that exists between disequilibrium and the process 
of integrating schemes to form new cognitive constructs. 
If the child cannot form sufficient intermediate 
solutions, or if other limitations are present (i.e. 
amount of information to be processed) then advanced 
theory development will be affected. 
The present study attempts to provide some 
information pertinent to these metacognitive issues. 
CHAPTER III 
METHODS 
The overall methodological procedures discussed in 
sections to follow are depicted in Figure 3.1 as a 
flowchart. 
General Selection of Subjects 
Subjects were selected from three kindergarten 
classrooms in a public school. This school, located in 
Holyoke, Massachusetts, is comprised of a variety of 
socio-economic groups. The sample was restricted to those 
children who were granted written parental permission to 
Participate in the study. Subjects ranged from 5.6 years 
of age to 6.11 years of age, with the mean age being 6.1. 
Some of the original subjects could not be used in the 
final study. Two children did not demonstrate an adequate 
understanding of the computer task during the training 
session, and another child refused to cooperate during the 
first treatment session. Thus, they were eliminated from 
the final sample of subjects and were replaced with other 
children. Four subjects who participated in the 
predict-observe treatment the first week of the study were 
later replaced due to a design change in that treatment. 
Thirty-two children comprised the final study sample. 
Sixteen were girls and sixteen were boys. All subjects 
had minimal computer experience prior to the study, as 
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indicated by the children's parents (See Table 3.1). 
There were no computers available to the students in the 
school where the study took place; so, any previous 
computer experience was acquired at home or in a nursery 
school setting. 
Training Procedure 
the immediate-feedback and predict-observe 
subjects individually received the same training 
procedure. The training was completed during the first of 
the five consecutive computer sessions. Appendix B 
contains specific details and examiner verbalizations 
during the training exercises. A more general description 
of those procedures is provided here. 
All subjects were given an introduction to Delta 
Drawing. This included an explanation about turtle 
graphics and turtle commands. Subjects were then 
encouraged to discover the command functions for the D, R, 
L, and U keys by observing what the turtle did when they 
pressed these keys. The examiner confirmed correct 
discoveries and provided the subjects with the command 
words ("DRAW", "RIGHT", "LEFT" and "UNDO"). 
Once all four commands had been introduced and 
subjects had had an opportunity to observe the execution 
of each turtle command, they were allowed to freely 
interact with Delta Drawing for a period of five minutes. 
At the end of the five minutes, subjects were questioned 
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about the command functions (e.g. -what does the turtle do 
when you press D ?"). a demonstration and further 
explanation was provided to any subject who did not 
identify at least three of the four turtle commands (R, L, 
U) . These subjects were also allowed to explore the 
turtle commands for an additional three minutes before 
they were presented with the maze tasks. 
Subjects who identified three or four of the turtle 
commands at the end of the initial five minutes of 
exploration time were presented with two maze 
configurations (See Figure 3.2). Each maze was 
constructed with 1/8" orange tape on transparent acetate 
paper. The "M" maze was presented first. It was placed 
on the computer screen with the turtle at the starting 
point of the maze (i.e. lower left vertical path). 
Subjects were then asked to move the turtle through the 
maze, keeping the turtle on the path. Once subjects had 
indicated that they had completed the task, their maze 
configuration was saved in the computer's memory and the 
second maze presented. The starting point for the second 
maze was the horizontal path farthest to the right; thus, 
subjects had to turn the turtle before beginning to draw. 
After subjects had moved the turtle through the second 
maze, training exercises were considered complete. Each 
subject was then presented the Design/Code Pretest. 
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Design/Code Pretest and Post-Test 
The pre-test was given to all subjects during Session I 
immediately following the training exercises. Each 
subject was shown a set of 8 (11" x 8") cards one at a 
time. Each card had four Delta drawn designs on it. At 
the bottom of the card was a sequence of turtle commands. 
Figure 3.3 depicts the eight test cards used. All designs 
were drawn to the actual size and orientation that they 
would appear on the computer screen if the commands were 
entered into the computer and executed. Each subject was 
shown one card at a time. The subject was urged to look 
carefully at the designs on the card and the commands 
Printed at the bottom. The subject was then asked to 
identify which design the turtle would make if it were 
told to execute the commands on the card. The exact 
instructions were as follows: 
"Look carefully at the 4 turtle designs on 
this card. Now look carefully at the 
turtle commands at the bottom here 
(Examiner pointed to the commands). If you 
told the turtle to do these things starting 
here at the star, which one of these 
designs would it make?" 
Subjects' design selections were recorded, but the 
subjects were not given feedback on the accuracy of their 
choices. Subjects received one point for each design that 
was correctly selected. This same task was presented as a 
post-test. The design/code post-test was given at the 
beginning of the last computer session (day five), after 
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Design/Code Pretest and Post-Test Cards 
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all treatment tasks had been completed, but before any 
other post-test measures were presented. 
Training Performance Criteria 
Based upon observations made during a pilot study, 
which used a similar research design but with fewer 
subjects, certain skills were indentified during the 
training and task sessions that seemed to reflect 
children's overall performance level using Delta Drawing. 
These skills were incorporated into the training 
assessment tasks. It was found that children who could 
identify the letter commands easily performed with greater 
proficiency. Also children who could move the turtle 
through a maze, identifying and correcting their errors, 
demonstrated more accurate performance on subseguent 
tasks. Thus similar tasks became the measures for rating 
a subject's general performance ability using the Delta 
Drawing program. 
Between the first and second sessions, each subject's 
command identification and maze performance was evaluated. 
Performance on command identification was considered to be 
good if a subject could correctly identify three or four 
of the turtle commands (draw, right, left, undo). One's 
performance was considered to be poor if s/he identified 
fewer than three commands. A subject did not have to 
provide the command words for each of the four keyboard 
letters (D, R, L, U) , but had to describe what the turtle 
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did when each key was pressed. Thus the focus was on 
function awareness, not vocabulary. Performance on the 
first maze was considered to be good if the subject's path 
through the maze had five or six sides with the same 
orientation as the maze configuration. Performance on the 
second maze was considered to be good if the subject's 
path throught the maze had six sides with the same 
orientation as the maze configuration. Maze paths with 
fewer correctly oriented sides were evaluated as poor 
performance levels. 
Each criterion was weighted. A good maze 
performances was given a value of 2, and good command 
function identification was given a value of 1. Poor 
performance levels were given a score of zero. Subjects 
getting a total score of three or better were identified 
as having an overall "good" training performance. Those 
with two or less were identified as subjects with "poor" 
training performance. Due to the nature of the point 
assignment, subjects had to do well on more than one of 
the three training tasks to receive an overall good 
performance rating. 
Placement of Subjects into Treatments 
It was determined prior to the study that performance 
on the training tasks would determine the subject's 
placement in a treatment condition regardless of age, sex, 
socio-economic status or prior computer experience. The 
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treatment groups were balanced so that equal numbers of 
good and poorly performing subjects were placed in each 
treatment. This design maximized the likelihood that 
group data would demonstrate the effects of immediate 
feedback versus delayed feedback (via a predict-observe 
method). 
Eight to ten subjects participated in the study each 
week for a period of four weeks. To ensure that each 
treatment would never have an imbalance of more than one 
good or poorly performing subject in it, the following 
placement procedure was used. On the first day of each 
new week, the subjects participated in a training session, 
and their performances on the training tasks were 
evaluated using the above criteria. The names of the 
subjects and their training scores were recorded and 
placed into a bowl. The first subject whose name was 
drawn was placed into the predict-observe treatment 
regardless of his/her training performance. If the 
training performance of the second subject was the same as 
the first subject's, s/he was placed into the 
immediate-feedback treatment group. If it was different, 
s/he was placed into the predict-observe treatment group. 
This procedure was continued, ensuring that equal numbers 
of children with similar training performance scores were 
in each treatment. A diagram depicting the actual 
assignment of subjects into treatments can be found in 
Appendix B. 
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Each treatment ended up having five subjects who 
performed poorly on the training tasks and eleven subjects 
who performed well. Even though age and sex were not 
factors considered in the placement procedure, these 
variables, by chance, were fairly evenly distributed 
across the treatments. The immediate-feedback treatment 
had nine girls and seven boys. The age range was 5 years 
6 months to 6 years 9 months; the mean age was 6 years 0 
months. The predict-observe treatment had seven girls and 
nine boys. The age range was 5 years 6 months to 6 years 
11 months; the mean age was 6 years 1 month. 
Treatments 
Predict-Observe 
Using the subject selection method previously 
described, children were assigned to the predict-observe 
treatment. The procedure for this treatment was as 
follows: 
(Where Ex = Examiner and S = Subject) 
1. The Ex presented the S with a 9" X 7" card on which a 
computer design was drawn. The S was then asked to tell 
the Ex what the turtle needed to do (using the turtle 
commands "draw", "right", "left", and "undo") to make a 
design that looked exactly like the one on the card. 
2. Before the Ex had the S begin predicting the code for 
the design, a cardboard chart of the 4 turtle commands (D, 
R, L, and U) was displayed for the S. The commands were 
once again reviewed and the S was told that the turtle 
only understood those four letters; thus when the S told 
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the turtle how to draw a design those 
instructions the turtle would be able 
were the only 
to follow. 
latertenterhthem W°“ld”rite down the turtle command^and auer enter them into the computer. 
4 Ex wrote down the code blind to the S as the S dictated 
it When the S used directions that did not use the 4 
stated C»Th^n?S ^spla^ed on the cardboard chart, the Ex 
»nnted/ The turtle only understands MD", "R", »l" and 
5. When S indicated that s/he had given all the turtle 
commands needed to make the design, Ex showed the written 
sequence of code to the S and entered the code into the 
computer. 
6. The S was allowed to watch the turtle execute the 
graphic on the computer screen as the Ex entered the code 
into the computer. 
[During the first week of the study, subjects in this 
treatment were not permitted to watch the turtle execute 
the commands they had dictated. Instead the screen was 
shielded from the subjects, and they were only shown the 
finished graphic once all the code was keyed into the 
computer. This inability to watch the turtle move as the 
commands were entered seemed to overly frustrate the 
subjects. Many became discouraged by what they saw and 
would no longer make predictions after 3-4 designs. Other 
subjects doubted the examiner, accusing the examiner of 
not entering the code correctly and that was the reason 
for the designs being different from the ones on the 
cards. The researcher realized that by not allowing the 
subjects to observe the process of their prediction, the 
research design was ineffective. It had created a state 
of disequilibrium too large for the majority of the 
children to even attempt to overcome after the first few 
unsuccessful predictions. Thus the research design was 
changed, allowing the subjects to observe the turtle on 
the screen as the predicted code was entered in the 
computer. This seemed to eliminate the above mentioned 
problems and motivated the children to revise their 
predictions based upon their observations.] 
7. Ex asked and recorded the S's response to the following 
questions: "Is the design on the screen the same as the 
one on the card?" "How are they different?" "Can you 
show me here (points to predicted code written on paper) 
where it would need to be changed to make them the same?" 
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?’ E* J;ec°rded the revised code on new piece of paper 
fel? we?e neceSsarvhetheh|d made 311 °f the revisions s/he 
original a„d“^i wr^enTode"^ enLred't^^vrsed 
watched the 
9. Ex asked S if the the revised desi 
card were the same. If they were not 
how they were different. 
gn and the one on the 
, Ex asked S to tell 
[All code (original 
analyses.] and revised) was kept for later data 
[This procedure (steps 1-9) was followed for each of the 8 
34^ ?wo pr®sented to the Ss (See Figure 3.4, page 
ZZ ' ! ° t0 three designs were presented each day for 
three days.] y 
Immediate-Feedback 
Using the subject selection method previously 
described, children were assigned to the immediate- 
feedback treatment. The procedure for this treatment was 
as follows: 
(Where Ex = Examiner and S = Subject) 
1. The Ex presented the S with a 9" x 7" card on which a 
computer design was drawn. The S was then asked to tell 
the Ex what the turtle needed to do (using the turtle 
commands "draw", "right", "left", and "undo") to make a 
design exactly like the one that was on the card. 
2. Before the Ex had the S begin dictating the code for 
the design, a cardboard chart of the 4 turtle commands (D, 
R, L, and U) was displayed for the S. The commands were 
once again reviewed, and the S was told that the turtle 
only understood those four letters; thus when the S was 
telling the turtle how to draw a design, those were the 
only instructions the turtle would be able to follow. 
3. Ex instructed the S, "Tell the turtle what he needs to 
do to make a design exactly like this one." Ex explained 
to S that the Ex would write down and enter the commands 
into the computer as the S dictated them. 
* 
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s; ^2 F Simultaneously wrote down the code (visible to 
S) and keyed it into the computer as the S dictated it 
The S was allowed to watch the screen and saw the turtle 
draw as the commands were entered. 
Ex askedttheSS1?f1?bteH that the design was finished the 
asked the S if the designs were the same. If the S 
indicatec1 they were not, the Ex asked the S how the 
designs were different. 
[All code was kept for later data analyses.) 
oomitPr0SedUre <StepS 1'5) was snowed for each of the 8 
Fw eS12nS.PreSented to the Ss (See Figure 3.4). 
Two to three designs were presented each day for three 
day s.] 
The primary difference between the predict-observe 
and immediate-feedback treatments is the amount of 
feedback provided at one time to the subjects and the 
timing of the feedback. Predict-observe subjects received 
delayed, more global feedback regarding their predictions 
for each design (i.e., they observed and assessed their 
complete design reproduction/prediction). Immediate- 
feedback subjects received immediate and local feedback 
for each single code prediction they made (i.e. they 
observed and assessed immediately the individual turtle 
moves based upon single command predictions). 
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Measures 
r^'^-satment Data Analyses 
In addition to the design/code pre- and post-test 
described earlier in this chapter, data were gathered 
throughout the treatment sessions. Figure 3.5 depicts the 
various treatment data sources and post-test measures used 
during the study. Treatment data included code error 
analyses, code sequence analyses, production ratings and 
analyses of subject verbalizations. Each of these will be 
highlighted below. 
Code Error Analyses - Original code predictions for the 
eight treatment designs (and revised code predictions for 
these designs in the predict-observe treatment) were 
recorded for both groups of subjects. The original (and 
revised code) for each of these designs was then analyzed 
for types and numbers of errors. Types of errors made 
during the reproduction of a design included turn, 
quantity, omission and additional code errors. 
Spontaneous correction of errors was also documented and 
analyzed. 
Turn errors included those miscues in which a subject 
dictated and/or predicted a turn command erroneously, or 
when the subject indicated an incorrect turning direction. 
Correction strategies for turn errors included 
compensation, cancellation and inversion. A subject 
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compensated for a turn error when, after turning the 
turtle in the wrong direction, s/he kept turning the 
turtle in that direction until it reached the desired 
orientation. For example, if the subject wanted the 
turtle to turn one time to the right but mistakenly gave 
the command "left", then continued to give "left" commands 
until the turtle pointed in the desired direction, that 
subject would have made a turn error, but would have also 
been given credit for correcting the error with a 
compensation strategy. If the subject had stopped 
immediately after giving the initial incorrect response 
and told the turtle to "undo" the error, the subject would 
have been credited with correcting the error by 
cancellation. If the subject stopped immediately after 
giving an incorrect turn command and gave the opposite 
turn command to get the turtle pointing in the desired 
direction, the subject would have corrected the error by 
using an inversion strategy. Even though the latter two 
correction strategies use a single keystroke and yield the 
same result, the underlying conceptualization for each is 
quite different . Cancellation is essentially "erasing" a 
mistake; inversion is correcting a mistake by "doing the 
opposite" of what's already been done. 
Quantity errors could occur in a subject's prediction 
for a segment distance or in the degrees needed for a 
turn. Quantity errors occurred when predictions for 
segment lengths or degrees in a turn were either too great 
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or too small compared with the stimulus design. Subjects' 
corrections of these errors were also considered in the 
overall error analyses. 
Omission errors occurred when subjects omitted one or 
more segments or angles from their reproduction of the 
stimulus design. if the subject attempted to correct this 
type of error by "undoing" commands to the point where the 
omission occurred, or if they included the segment(s) or 
angle (s) in their revised prediction, they were given 
credit for correcting the error. 
The antithesis of omission errors was additional code 
errors. These occurred when a subject included extra 
segments in their design reproductions. Since additional 
angles could not be made (other than at the end of a 
design) without adding extra segments, both types of 
additions were recorded as one error. If the subject 
subsequently "undid" the segment commands or excluded them 
from the revised prediction, s/he was given credit for 
correcting the original error. 
Code Sequence Analyses - The entire sequence of code the 
subject predicted for a design was also analyzed for its 
accuracy. This analysis attempted to reveal the subject's 
global understanding of the task. Each design was given a 
score based upon the total number of segments and turns it 
contained. Each segment in a design was given a value of 
one. Each correct turn received two points. One point 
was given if the subject indicated that a turn was needed, 
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and a second point was given if the subject predicted the 
correct direction of the turn (right or left, not specific 
orientation). A subject's sequence score reflected the 
total number of design segments and correct turns the 
subject predicted for the stimulus design. For example, 
if a subject's code prediction for the first design (see 
Figure 3.6) was -draw, right", his/her sequence score 
would be three — one point for the initial segment and 
two points for a turn in a correct direction. The best 
sequence score for this design is four, the last point for 
the second segment. Figure 3.6 depicts the eight 
treatment designs, along with the most efficient code for 
those designs, plus each design's code sequence. 
Production Analyses - The final product, or actual design 
created by a subject's code predictions was also a 
measure. The subject's design was compared to the 
stimulus design and given a rating of 0-2. Designs scored 
a zero if they were determined to be a "nonreadable" 
finished product. These designs did not resemble the 
stimulus design at all. Designs with a score of one had 
some resemblance to the stimulus design. They might have 
one or two identifiable segments and angles. Designs 
which received a score of two were easily identified as a 
reproduction of the stimulus design. All designs were 
scored by two independent raters. Figure 3.7 provides 
examples of these ratings. 
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DESIGN # GRAPHIC 
CODE 
1 DDDD RRR DDDD 
RRR DDDD LLL DDDD 
3 LLL DDDD RRR DDDD RRR DDDD 
A 
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8 \^/ RRRRR DDDD LLLL DDDD 
TURTLE COMMANDS (D = DRAW; R = RIGHT; L = LEFT) 
SEQUENCE (S = SEGMENT; T = TURN) 
FIGURE 3.6 
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Identification of Difficult and Easy Designs 
In addition to the previously mentioned design/code 
pre/post-test, two other post-test measures were given to 
all subjects during the final computer session. One of 
these post-tests involved the same test cards used in the 
design/code assessment. After the subjects had finished 
responding to the eight test cards in the design/code 
post-test, the cards were presented a second time (in the 
same order). This time subjects were asked to identify 
the design on the card that they felt was the hardest to 
tall the turtle how to draw and which design was the 
easiest to tell the turtle how to draw. Subjects' 
responses were recorded and later compared for within- 
group and between-group agreement. 
Code Prediction Analyses for Post-test Designs 
After the design/code post-test had been administered and 
the subject had identified the designs s/he felt were 
difficult and easy, the subject was then given two 
post-test designs to reproduce. One design (a triangle 
shape) was presented to the subject using the 
predict-observe treatment format. (This format had one 
difference from the predict-observe treatment presented 
during the treatment sessions. Instead of the subject 
being allowed to watch his/her prediction executed by the 
turtle as the examiner entered the code into the computer, 
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s/he was only shown the finished product of those 
predictions). The other post-test design (a »w« made from 
right to left) was presented to each subject using the 
immediate feedback treatment. All subjects completed both 
of these post-test designs. The order of presentation was 
randomized. Half of the predict-observe subjects (8) 
completed the triangle first; the other half (8) completed 
the "W" first. Likewise half of the immediate feedback 
subjects (8) completed the triangle first; the other half 
(8) completed the "W" first. Just like the treatment 
designs, the code for these designs was analyzed for types 
and numbers of errors made (and corrected), accuracy of 
code sequence as a whole and for the resemblance of the 
finished product with the stimulus design. 
Rule identification 
In addition to the above analyses, the predict- 
observe post-test design (the triangle) was also analyzed 
for the application of the seven rules stated below. 
These rules were identified as the basis for this design's 
reproduction; however, application of all seven rules 
would not necessarily yield a perfect equilateral 
triangle. The rules were identified from an 
"understanding" perspective, not a perfect production one. 
This analysis was conducted to reveal a more subtle rule 
usage that the other error analyses might not have been 
sensitive enough to identify. The rules identified to 
make the triangle were as follows: 
2 
3 
6 
7 
If the design does not begin with an up 
line, turn the turtle accordingly. 
One turning command does not equal 120 
degrees. 
One draw command does not equal 1 1/2 
inches. 
To make a triangle keep the inner angles the 
same, do not alternate them. 
To make a triangle, alternate between turns 
and segments. 
The design has a repeated cycle of three. 
Do not tell the turtle to turn right or left 
to make a forward move. 
Application of the rules was determined for each subject's 
predicted code and revised code. A subject was given a 
score of one if s/he applied the rule, zero if s/he did 
not. 
Analyses of Verbalizations 
All treatment and post-test sessions were audio 
recorded. All tapes were transcribed on the same day that 
they were recorded. Verbalizations were then analyzed for 
metacognitive content using speech categories modeled 
after the ones Sheryl Hope Goodman (1981) designed for a 
research project which investigated the kinds of 
verbalizations young children made while completing a 
problem-solving task. The categories used for the present 
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study are listed in Figure 3.8 with a brief definition 
and/or example. Percentages of verbalizations occurring 
m each category were determined for each treatment group 
(during treatment and post-test design sessions), and 
between group differences were examined. 
Limitations 
There were several limitations to this research 
study. The most obvious shortcoming was the small number 
of subjects in each treatment. This was compounded by the 
fact that subjects were only selected from one city 
school, and teachers were somewhat responsible for 
selecting the subjects who participated. Since the 
teachers did not want to have permission granted for more 
students than the researcher could work with, given her 
time constraints, they only sent home permission slips 
with the students they felt could handle the disruption in 
the daily rountine and students whose families were likely 
to respond positively to their child's participation in 
this research project. 
The selection and assignment of subjects to treatments 
were also of concern when designing the research project. 
In an effort to ensure that equal numbers of subjects who 
performed well on the training tasks were placed in each 
treatment, other important factors had to be considered 
secondarily. The study would have provided more 
information if subjects could have also been matched by 
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VERBALIZATIONS 
Category Definition/Examp1e 
1• Yes/no response to examiner Any affirmative or negative 
response to examiner's questions 
or comments 
2. Turtle command One of the four designated turtle 
commands: "draw", "right","left", 
"undo" 
3. Turtle directive not in com¬ 
mand form 
Direction given to the turtle that 
does not use one of the four com¬ 
mand words listed above: "go up", 
"straight", "make a line down" 
4. Comment/response that des¬ 
cribes activity 
Content relevant to activity - 
labeling visually obvious aspects: 
"It looks like a four", "I made 
a house." 
5. Questions or comments to 
self 
Remarks made to self: "Now what 
should I do?", "How can I get 
the turtle to draw this way?" 
6. Comment/response that reflects 
one's understanding of the 
task or awareness of his/her 
ability. 
"I don't know how to do this.", 
"I'm not good at computers." 
7. Comment/response that evaluates 
one's performance 
"Tnat's it.", "Good", "They 
don't look the same.", "Perfect" 
8. Comment/response that assesses 
the task's difficulty 
"This is hard.","This design 
looks easy." 
9. Self-correcting comments "That line needed to go this way." 
"I needed more draws." 
10. Emotional expletives Comments which primarily express 
emotions: "Oh no!", "Shucks!" 
11. Other All other comments 
FIGURE 3.8 
Verbalization Categories for Treatment and Post-Test Analyses 
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age, sex and socio-economic-status. since the treatment 
groups were so small this was not possible. However, as 
luck would have it, the mean age of the subjects in each 
treatment was very close, and the number of boys and girls 
in each was also quite close. 
Another shortcoming of the research project was the 
limited exposure the children had to Delta Drawing. There 
were also a small number of task items presented. The 
data gathered would have been more reliable if there were 
more task items presented over a longer period of time. 
Due to an absence in standardization of some of the 
measures, particularly the design/code pre- and 
post-tests, their validity must be accepted cautiously. 
It can not be ascertained if improved performance on the 
design/code post-test, even if it is statistically 
significant, indicates that a subject understands the 
code/graphic correspondence better. A researcher can 
never be sure if measures which have not been normalized 
for a specific population accurately reveal subjects' 
performance and understanding of the task, and if these 
measures indicate their development and thought processes. 
Collection and analyses of the qualitative data could 
have been made more objective by videotaping the sessions; 
even an audio-pause analysis would have provided more 
information regarding the intent of subjects' responses. 
Even though two scorers independently evaluated the 
transcriptions and other data where possible, other 
48 
measures could have been taken to reduce any 
observer/evaluator biases that might have occurred (e.g., 
using two or more observer/recorders during the sessions 
and/or three independent scorers for all data). 
There were also physical environment limitations that 
must be mentioned. The experimental sessions took place 
in a very small room adjacent to a physical therapy room 
in the school. Even though this room provided a 
relatively distraction free environment, it was not an 
absolutely quiet space. The fact that children were taken 
from their classrooms at different points during the day, 
depending on their classroom schedule, also must have had 
an effect on their performance. 
Despite these procedural limitations, a tremendous 
amount of data were gathered, and many interesting 
questions were raised based upon the results that were 
discovered. 
CHAPTER IV 
RESULTS 
Data were collected prior to, during and after the 
treatment sessions. One pretest measure, designed to 
measure knowledge of computer code correspondence with 
graphic representations, was presented to all subjects, 
and the same assessment immediately followed the 
treatment sessions. Repeated measure analyses were 
performed on the results of these pre- and post-test 
measures. 
In addition to the above post-test measure, two 
post-test designs were presented to all subjects. One 
design was presented using the immediate-feedback 
treatment; the other design was presented using the 
predict-observe treatment. A one-way analysis of 
variance was performed on subject's code sequence 
scores for these two designs. Designs were also 
analyzed for rule usage, and a Chi square was performed 
on measures indicating the greatest differences. 
Subjects' verbalizations were also recorded during the 
completion of the post-test designs. These utterances 
were categorized, percentages were tabulated, and group 
differences were noted. 
Additional information was gathered from a 
post-test measure requiring subjects to identify turtle 
designs which they felt would be "easy1 or difficult 
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to tell the turtle to make. This data was tabulated 
and percentages calculated to determine within and 
between group agreement. 
Measures recorded during treatment sessions 
included error scores for each of the eight treatment 
designs, a final product rating for the subjects' 
design productions and subjects' verbalizations. 
Frequency tabulations, rating scales and percentages 
were calculated for these data. Two scorers 
independently rated the final product and verbalization 
data. Inter-rater reliability was determined for each 
measure. 
Design/Code Pretest and Post-Test 
Table 4.1 contains the data gathered from the 
code/graphic pre- and post-test measures. Each cell in 
the table shows the designs which were presented on the 
test card. It also shows number of immediate-feedback 
subjects and number of predict-observe subjects 
selecting each design as the graphic which corresponded 
with the code. Correct designs are marked with 
asterisks. 
Subjects were given one point for each correct 
response. The mean number of correct responses on the 
pretest was 1.75 for immediate-feedback subjects and 
1.81 for predict-observe subjects. These differences 
were insignificant and confirmed that placement of 
TABLE 4.1 
Design/Code Pretest and Post-Test Data 
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NUMBER OF SUBJECTS CHOOSING EACH DESIGN 
pre- 
post- 
A 
u J r 
IF FO IF HO IF ID if ro 
5 9 7 2 3 3 1 2 
9 4 3 5 2 2 2 5 
Card #1 
pre- 
post- 
j, /V 
J nu 
IF FO IF FO IF ID IF ID 
5 2 5 5 5 7 12 
3 1 6 6 4 5 3 4 
Card #2 
pre- 
post- 
pre- 
post- 
pre- 
post- 
pre- 
pre- 
_p r c 
V 
IF K) IF ID JF FO IF ID 
4 4 5 3 1 3 6 6 
2 9 3 0 8 2 3 5 
Card #5 
u A L 
J. 
IF ID IF BO IF ID IF ID 
7 3 3 2 4 7 2 4 
2 3 7 4 3 4 3 5 
Card #6 
•A* 
a n V 1 
IF ID IF ID IF K) IF BO 
4 7 3 1 4 1 5 7 
5 6 2 2 5 4 4 4 
Card #7 
A 
IFFOIFIDIFIDIFID 
5 6 4 5 2 4 5 1 
- 2 8 7 3 4 1 3 4 pre- 
post- 
Card #4 Card #8 
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subjects had not been biased (t = -.77, two tailed p < 
•453). on the post-test, immediate- feedback subjects- 
performance deteriorated somewhat (M = 1.38), while 
predict-observe subjects' performance improved slightly 
(M - 2.13). However, a repeated measures analysis of 
variance for pre- and post-test scores for both 
treatment groups did not identify an overall 
significant difference for groups, for pre- versus 
post-test scores or for the interaction between them. 
Table 4.2 summarizes the repeated measures analysis of 
variance performed on these data. 
Post-Test Design Analyses 
Following the treatment sessions and the 
code/graphic post-test, all subjects were asked to 
complete two post-test designs. One design, a "w" made 
from right to left, was completed using the 
immediate-feedback treatment; the other design, an 
equilateral triangle, was completed using the 
predict-observe treatment. Various measures were 
obtained from the subjects' performance and analyses 
were conducted on code sequences, code errors, rule 
usage, final design productions and verbalizations. 
Code Sequence - Subjects were given one point for each 
side of the design included in their code prediction 
and two points for each correct angle indicated in 
their code (one point if a turn was accurately 
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TABLE 4.2 
Design/Code Pretest and Post-Test Analyse 
SOURCE OF VARIANCE SS df MS F 
Between Subjects 26.98 32 
A (Group) 2.64 1 2.64 3.26 
Subjects within groups 24.34 30 .81 
Within Subiects 42.50 32 
B (Time) 
.01 1 .01 .007 
AB (Group X Time) 1.89 1 1.89 1.400 
B X Subjects within groups 40.60 30 1.35 
* Significant F = 4.17 
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predicted, and an additional point if the correct 
direction of the turn was predicted) . This measure 
demonstrated if the subjects had an overall map of the 
commands needed to make the designs and did not 
penalize them for quantity errors (segments being too 
long or too short and/or angles being too narrow or too 
wide) . The code sequence scores for the two post-test 
designs are shown in Figure 4.1. 
Since the triangle was presented in the 
predict-observe mode, each subject was given a sequence 
score for his/her initial prediction plus a sequence 
score for his/her revised prediction. Interestingly on 
design post—test the immediate —feedback subjects 
P®^-fo^rn€jd better (M = 6.38) than the predict—observe 
subjects who had been trained in this treatment 
condition (M = 5.88). Predict-observe subjects' 
revisions were also less accurate than their original 
predictions (M = 5.25). On the other hand, 
immediate-feedback subjects' performance improved on 
their revised predictions (M =6.75), a more expected 
occurrence. 
A one-way analysis of variance measure for between 
group differences on initial prediction sequence scores 
detected no significant differences (F = .4563, p < 
.5045). However, one-way analysis of variance between 
groups on the subjects' revised sequence scores did 
indicate significant differences (F = 4.4262, p 
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<.0439), with IF subjects outperforming PO subjects. A 
summary of these two analyses of variance is provided 
in Table 4.3. 
On the immediate-feedback post-test design, only 
one score was obtained for each subject. The mean 
sequence score for immediate-feedback subjects was 
9.88, and the mean sequence score for predict-observe 
subjects was 10.38. Between group analysis of variance 
conducted on these scores did not detect a significant 
difference in group performance (F = .5195, p < .4766). 
However, one subject from the predict-observe treatment 
group received a very low sequence score because she 
did not complete the design. Despite efforts from the 
examiner encouraging the subject to finish predicting 
the design's code, the subject refused to continue 
after only a few units of code had been dictated. This 
low score pulled down the relatively high score average 
for the predict-observe group. Without this score the 
mean sequence score for the predict-observe subjects 
was 10.93. One-way analysis of variance on the data, 
eliminating that score from the predict-observe group, 
was conducted, and performance results between groups 
were found to be significantly different (F = 6.1812, p 
< .0189). Table 4.4 summarizes the initial and adjusted 
analyses of variance performed on these data. 
Once again, results were quite unexpected. 
Predict-observe subjects performed significantly better 
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on the immediate-feedback design than immediate- 
feedback subjects who were trained in this mode 
throughout the treatment sessions. 
Code Error Analyses - Errors and correction of errors 
were coded and tabulated for each subject's post-test 
designs. Errors and corrections were classified into 
three categories: turn, quantity and omission 
errors/corrections. Error/correction data can be found 
in Table 4.5. 
The only notable error difference to be found 
between groups on the original predict-observe 
post-test design was on minus distance errors. Errors 
in this category included those segments which were 
shorter in length than the stimulus design's segments. 
Immediate-feedback subjects made fourteen more errors 
of this type. Differences found between groups on the 
revised predict-observe post-test design varied. 
Predict-observe subjects made more errors of omission; 
immediate-feedback subjects made more quantity errors. 
No extreme error differences were found between 
groups on the immediate-feedback post-test design. 
More omission errors were made by predict-observe 
subjects; however, three of the four omitted sides were 
made by the subject who refused to complete the design, 
and three of the nine omitted angles were also made by 
this subject. Thus the disparity between groups was 
not as great as appears. 
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TABLE 4.5 
Error Analyses for Post-Test Designs 
TYPE OF P0 POST-TEST PO POST-TEST 
ERROR/CORRECTION_INITIAL CODE_REVISED CODE 
IF(Ss) 
TOTAL TURN (E) 13 
Compensation (C) 0 
Cancellation (C) 1 
Inversion (C) 0 
TOTAL QUANTITY (E) 62 
+ Distance (E) 0 
+ Distance (C) 0 
- Distance (E) 33 
- Distance (C) 0 
+ Degree (E) 2 
+ Degree (C) 0 
- Degree (E) 27 
- Degree (C) 0 
TOTAL OMISSIONS (E) 20 
Omitted Sides (E) 11 
Omitted Sides (C) 0 
Omitted Angles (E) 9 
Omitted Angles (C) 0 
PO(Ss) IF(Ss) PO(Ss) 
14 8 12 
0 0 0 
0 0 0 
0 0 0 
67 62 52 
11 1 12 
0 0 0 
19 29 19 
0 0 0 
5 4 5 
0 1 o 
22 28 16 
0 0 0 
24 16 31 
13 10 15 
0 0 0 
11 6 16 
0 0 0 
IF POST-TEST 
IF(Ss) PO(Ss) 
40 37 
13 8 
2 1 
15 19 
91 89 
8 
0 
45 
5 
19 
0 
19 
4 
7 
0 
42 
3 
15 
1 
25 
0 
4 13 
0 
0 
4 
3 
(E) = Errors 
(C) = Corrections 
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Rule Usage - it was suspected that the above mentioned 
error analyses might not be identifying the more subtle 
rule knowledge demonstrated by subjects' code 
predictions. For example, a subject may predict that 
the turtle needs to turn two times to make a right 
angle. The subject is correct in realizing that the 
turtle turns more than one time to make a right angle; 
however, using the previous error analysis, the subject 
would not be given credit for his rule knowledge ( 90 
degrees does not equal one turn). Instead he would 
only receive a minus degree quantity error. To 
acknowledge rule awareness in the absence of perfect 
design reproductions, a more task specific rule 
analysis was conducted. Due to the different kinds of 
feedback inherent in the two treatments, it was 
determined that the predict-observe treatment allowed 
for more distinct rule application; thus this treatment 
was analyzed for rules. The seven rules identified for 
the predict-observe post-test design were as follows: 
1. If the design does not begin with an up 
line, turn the turtle accordingly. 
2. One turning command does not equal 120 
degrees. 
3. One draw command does not equal 1 1/2 
inches. 
4. To make a triangle keep the inner angles 
the same; do not alternate them. 
5. To make a triangle alternate between turns 
and segments. 
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6. 
7 . 
The design has a repeated cycle of three. 
Do not tell the turtle to turn right or 
lert to make a forward move. 
Two scorers independently rated subjects' code 
predictions, both original and revised. Inter-rater 
correlation for scores was 97.9%. Table 4.6 provides a 
summary of the percentage of subjects who demonstrated 
the use of each rule. 
Subjects in both treatment groups used rules one, 
five, six and seven most frequently. The majority of 
subjects seemed to realize that the turtle did not 
start in the home position, that there was a turn/draw 
alternating sequence to the code, that the code had a 
repeated cycle and that turning the turtle right or 
left was different from having it draw a line. 
Subjects were less aware of quantity rules. A subject 
did not have to make a 120 degree turn or a 1 1/2 inch 
segment to be given credit for knowing rules two and 
three respectively. The subject did have to indicate 
that more than one turn or draw command was needed to 
make angles or segments similar to the ones shown on 
the stimulus design. Rule number four, triangles have 
nonalternating inner angles, was the rule least applied 
by both groups. 
To determine if the between-group and/or 
within-group differences were significant, a Chi square 
analysis was performed on the scores where the greatest 
disparity in performance existed between the IF and PO 
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groups. The revised code scores for ruie number six 
(turn/draw pattern awareness) indicated a slight 
difference in group performance. Twelve of the sixteen 
immediate-feedback subjects had applied this rule, 
while only eight of the sixteen predict-observe 
subjects did. A Chi square of 2.13 was attained (p < 
.20). Thus, even though these scores exhibited the 
greatest treatment effect, they were still not 
significantly different. 
Overall, immediate-feedback subjects demonstrated 
slightly more rule usage (M = 4.56) than the 
predict-observe subjects (M = 4.05); however a 
paired-samples t-test did not indicate a significant 
difference (obtained t = .29; critial t = 2.04). A 
surprising result was that both groups performed 
less well on their revised predictions, applying 
overall fewer rules (IF mean = 4.38; PO mean = 3.81). 
Production Rating - Two independent scorers rated the 
final design productions for each subject. Designs 
were given a rating of zero, one or two. A zero rating 
indicated that the subject's reproduction of the design 
was nonreadable (i.e. it looked nothing like the 
stimulus design) . A rating of one was given to 
reproductions which were somewhat similar to the 
stimulus design, and a rating of two was given to 
subjects' designs that closely resembled, or were 
65 
identical to, the post-test stimulus design. Figure 
3.7 (page 41) provided examples of these ratings. 
Inter-rater agreement was 90.62% for the 
predict-observe post-test design and 93.75% for the 
immediate-feedback post-test design. Table 4.7 shows 
the percentage of designs in each treatment condition 
rated at the three production levels. 
The most obvious difference in scores exists 
between the two different post-test designs. Notably 
more subjects were able to reproduce the post-test 
design presented in the immediate-feedback treatment 
than the predict-observe treatment. The continuous 
feedback and the opportunity to correct errors as they 
occurred improved subjects' overall performance and 
productions. Predict-observe subjects made more 
accurate sequence revisions on the predict-observe 
post-test design than the immediate- feedback subjects, 
while immediate-feedback subjects' productions were 
more exact on the immediate-feedback post-test design. 
Predict-observe subjects were less concerned about 
making their productions identical to the stimulus 
design; many of them verbalized their satisfaction in 
designs which only somewhat resembled the stimulus one. 
Post-Test Verbalization Analyses - All subjects were 
audio-recorded during the design post-tests. These 
verbalizations were transcribed by the examiner and 
independently categorized by two scorers according to 
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the nature/content of the utterance. Inter-rater 
agreement was 99% for both post-test designs. Types of 
speech categories identified were as follows: 
1. Yes/no responses to examiner’s questions. 
2. Turtle commands ("right", "left", "draw", 
and "undo"). ' ' 
3. Turtle directives not in command form. 
4. Comment/response which describes activity. 
5. Questions to self. 
6. Comment/response that reflects one's 
understanding of task or ability in 
completing task. 
7. Comment/response that evaluates ones 
performance. 
8. Comment/response that assesses task 
difficulty. 
9. Self correcting comment. 
10. Emotional expletive. 
11. Comment/question to examiner about task. 
These categories were further explained in Chapter III, 
and examples of each were provided (Figure 3.8). Table 
4.8 depicts the number and type of utterances made by 
subjects in both groups for the predict-observe and 
immediate-feedback post-test designs. It also converts 
the raw numbers into percentages for each speech 
category. 
Notable differences within- and between-groups 
were detected. Immediate-feedback subjects made more 
than twice as many total utterances while completing 
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the predict-observe post-test design than they did 
while completing the immediate-feedback design. Part 
of this difference is a result of how turtle command 
verbalizations were scored. Any series of commands was 
considered to be one turtle command utterance. Series 
of commands separated by expletives, questions or other 
kinds of verbalizations were counted as one unit only 
to the point of the interjected utterance. Since 
immediate-feedback subjects made a variety of comments 
while dictating code for the predict-observe design, it 
appears as though they made significantly more command 
comments. Actually subjects verbalized fewer 
vidual turtle commands during the predict-observe 
condition; the increase in command utterances reflects 
shorter, but more numerous turtle command series (not 
indivdual turtle commands). This occurrence was also 
observed when the predict-observe subjects completed 
the immediate-feedback post-test design. Their turtle 
command utterances increased by 40%. Once again, the 
difference reflects shorter, more numerous command 
series which were frequently interjected with other 
comments. 
A more interesting finding was that immediate- 
feedback subjects made twice as many verbalizations (56 
comments in all) in categories 5-9 during the 
predict-observe design than they did during the 
immediate-feedback post-test design (25.5 comments). 
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These categories contain utterances which are 
metacognitive in nature (i.e. questions to self, 
comments about one's ability or understanding of the 
task, comments evaluating one's performance, comments 
regarding the task's difficulty and/or self correcting 
comments). The predict-observe subjects did not 
demonstrate this kind of a difference in metacognitive 
comments when completing the immediate-feedback design. 
They made 58.5 metacognitive comments during the 
predict-observe post-test design and 62 during the 
immediate-feedback post-test design. 
Overall, predict-observe subjects made more 
metacognitive verbalizations during both design 
post-tests. Another notable result is that the 
differences in type and number of verbalizations in 
each category are not as great between the post-test 
designs for the predict-observe subjects as they are 
for the immediate-feedback subjects. IF subjects 
showed sharp increases in verbalization patterns during 
the predict-observe post-test. Table 4.8 contains more 
complete verbalization data. 
Hard/Easy Post-Test 
The last post-test results to be discussed are the 
"hard” and "easy" design identifications that both 
groups made after the treatment sessions were 
completed. Using the same post-test design cards as 
were presented in the code/graphic correspondence 
71 
post-test, the examiner asked the subjects which design 
on each card would be the hardest to tell the turtle 
how to draw and which would be the easiest. Table 4.9 
illustrates the selection data from this post-test. 
On most cards, subjects chose one particular 
design more than any other design as being difficult. 
In all cases it was a three-sided figure and on seven 
of the eight cards, the three-sided figure with a 
staircase like shape was the one selected as the most 
difficult design. The difficulty of this design is 
reflected in its number of segments and number of 
^®rn^ting angles. The staircase design did not 
appear on card #7; thus, a different three-sided figure 
was identified as "hard". Immediate-feedback subjects 
showed slightly more agreement with their selections 
than the predict-observe subjects. 
Both immediate-feedback and predict-observe 
subjects were less consistent and demonstrated less 
agreement in identifying designs which would be "easy" 
to tell the turtle how to draw. In all cases a 
two-sided figure was selected most frequently as an 
"easy" design, but subjects did not seem to 
differentiate beyond that criterion in their 
selections. On four of the eight post-test cards, the 
most frequently selected design was only selected by 
one more subject than the second most frequently 
72 
TABLE 4.9 
Hard/Easy Post-Test Data 
NUMBER OF SUBJECTS CHOOSING EACH DESIGN 
-- 
U J F ~L 
iFroiFroiFroTFin 
hard 250101 14 9 
easy 2 3 10 6 2 4 2 3 
Card #1 
j ^ nL 
IFK)IFK)IFK)IFro 
hard 0 2 10 9 5 2 1 3 
easy 84036524 
Card #2 
nu ^ a 
FK)ffBOffK)IFro 
hard 3 5 1 1 10 6 2 4 
easy 1 2 8 5 0 2 7 7 
Card #3 
rfX 
A u 3 H 
IFTOIFroiFroiFK) 
hard 21065495 
easy 68723303 
Card #4 
—-- 
-r r v 
IFPOffFOIFPOTFFO 
hard 95001665 
easy 0 2 5 9 5 0 6 5 
Card #5 
-X- 
. , A L r1 LJ 
IFK)IFK)FK)FK) 
hard 45203378 
easy 4 1 6 6 3 7 3 2 
Card #6 
/X 
_ a n n v 
IFK)IFRD1FK)IFK) 
hard 3 2 3 1 6 8 4 5 
easy 65343146 
Card #7 
/X 
v A 
IFK)IFK)IFK)IFK) 
hard 86244422 
easy 1 5 7 3 4 5 4 3 
Card #8 
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selected design. This larv 0+-v. is lack of strong agreement was 
demonstrated by both groups of subjects. 
Treatment Results 
Differences in treatment data between the two 
groups resulted, as expected. Some of the code error, 
production rating and verbalization differences are 
worth noting and will be discussed further in the next 
chapter with regard to the relationship between one's 
performance on a task and his/her understanding of the 
task. 
Code Error Analyses - Table 4.10 illustrates the types 
of errors and corrections made by each group during the 
treatment sessions. Totals have been calculated for 
each error and correction category. One can readily 
identify some of the more notable differences. For 
example, immediate-feedback subjects made more than 
twice as many turn errors as the predict-observe 
subjects. However, they also corrected 87% of their 
errors, whereas predict-observe subjects only corrected 
31% of their errors. Thus, the predict- observe 
subjects' performance was less accurate overall. 
On three of the four- types of quantity errors, 
predict-observe subjects made notable more errors. 
Despite higher percentages of corrections, they still 
made notably more predictions in which distances of 
segments and/or degrees of turns were too great. 
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Predict-observe subjects made more predictions in which 
turns were too small. The only quantity error which 
immediate-feedback subjects made notably more often 
than predict-observe subjects was minus distance errors 
(i.e. design segments shorter than one's in the 
stimulus design). Both groups under- estimated 
distance and degree quantity more frequently than 
over-estimating these variables. As expected 
predict-observe subjects made more omission errors both 
in segments and angles than subjects in the immediate- 
feedback condition. 
Production Rating - An analysis of final design 
productions during the treatment sessions, also 
indicated numerous differences between group 
performances. Table 4.11 illustrates the percentage of 
subject designs which were identified for each of the 
three rating scores (i.e. 0 = nonreadable; 1 = somewhat 
resembles stimulus design; 2 = closely resembles 
stimulus design). All designs were independently 
scored by two raters. Out of the 384 designs rated, 
scorers agreed upon 372 ratings, yielding a 96.8% 
agreement level. 
Differences in final design productions between 
immediate-feedback and predict-observe subjects were 
notable. Sixty-six percent of the designs made by 
immediate-feedback subjects closely resembled the 
Less than four percent (3.5%) of the stimulus designs. 
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overall designs made by predict-observe subjects were 
clearly reproductions of the stimulus design. Seventy 
percent of the predict-observe subjects' code 
predictions resulted in nonreadable designs. Only nine 
percent of the designs made by immediate-feedback 
subjects were nonreadable. Both groups demonstrated 
progressive improvement in performance from the first 
design to the last. 
These results are not surprising given the nature 
of the two treatments. However, one must wonder what 
effect the successful performance had on the 
immediate-feedback subjects understanding of the task 
and how the lack of success during the treatment tasks 
affected the predict-observe subjects' overall 
understanding. 
Treatment Verbalization Analyses - Differences during 
the treatment sessions were not only found in the 
accuracy of subject's final productions and in the 
errors they made, but were also detected in their 
verbalizations. Table 4.12 shows the number of 
utterances and overall percentage of speech identified 
for each category. Two scorers independently rated all 
verbalizations; there was 99% agreement between their 
ratings. The overall percentage of utterances made for 
each speech category is quite similar for both 
treatment groups. However predict-observe subjects 
made 556 more utterances (39%) and made 44% more 
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TABLE 4.12 
Number and Percentage of Verbalizations Durine Sessinnc 
VERBALIZATION 
CATEGORY 
IMMEDIATE-FEEDBACK (Ss) 
# % 
PREDICT-OBSERVE (Ss) 
# % 
1 96.5 11% 110 8% 
2 387 44% 553 39% 
3 109.5 12% 266 19% 
4 19 2% 15.5 1% 
5 22.5 3% 6.5 .5% 
6 38.5 4% 109.5 8% 
7 130.5 15% 218.5 15% 
8 24 3% 10 1% 
9 20 2% 74 5% 
10 8.5 1% 19.5 1% 
11 21.5 2% 51 4% 
TOTAL 877.5 100% 1433.5 100% 
metacognitive verbalizations during the treatment 
sessions. Differences in categories two and three 
(turtle commands and turtle directives not in command 
form) were due to the nature of the treatments. Other 
differences must be attributed to the level of 
reflectivity and/or cognitive conflict promoted by the 
treatments. These differences, as well as the complet 
study results, will be discussed further in the next 
chapter. 
CHAPTER V 
DISCUSSION 
The goal of this research project was to determine if 
kindergarten children's metacognitive awareness was more 
manifest by using a predict-observe strategy when 
completing a problem-solving task. The researcher also 
hoped to assess the effects of specific task variables 
with regard to strategy development during states of 
cognitive disequilibrium. The primary hypothesis was that 
subjects presented with a predict-observe (PO) treatment 
would perform less well during the task sessions than 
subjects provided with immediate feedback (IF); however, 
despite their lack of successful performances during the 
task, the PO subjects would demonstrate better 
understanding of the task as evidenced on post-test 
measures. It was hypothesized that children in the PO 
treatment group would experience greater disequilibrium 
due to feedback that was delayed and global in nature; 
this, in turn would cause them to reflect more upon the 
task's components and upon the strategies they were 
developing to solve the problem. 
Data results indicated that the amount and kind of 
feedback provided during a task (e.g. local/immediate or 
global/delayed) did notably affect children's task 
performance and it seemed to influence the problem solving 
strategies they used. Children provided with 
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immediate/local feedback during the reseach task also 
manifested different error patterns, task performance and 
verbalization patterns than children given delayed/global 
feedback during the task. 
On the design-code correspondence post-test, neither 
group of subjects performed significantly better than they 
did on the pretest. Po subjects' overall performance did 
improve on the post-test while the overall performance of 
the IF subjects deteriorated. These differences were not 
found to have a significant affect. 
An interesting, yet somewhat perplexing result, was 
the finding that PO subjects performed less well on the PO 
design post-test than the IF subjects. One would assume 
that since PO subjects had completed eight designs in this 
manner during the treatment sessions that they would 
perform significantly better on the PO post-test design. 
Practice effects and familiarity with the task would 
account for an improved performance. However the PO 
children were somewhat less accurate predicting the 
original code for the PO post-test design (as measured by 
the code-sequence score analysis) and were significantly 
less accurate than the IF subjects in revising their 
original predictions. 
There are a number of possible explanations for the 
performance differences cited above. One must again look 
at the effects of global (PO) versus local feedback (IF) 
that the subjects received during the treatment sessions. 
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PO subjects observed their predictions executed from end 
to end; however, they were not allowed to stop this 
process to make corrections at the points where they saw 
errors occur. All corrections were based upon the 
subject's recollection and interpretation of what s/he saw 
the turtle do. This seemed to be too much information for 
a young child to retain and accurately process at one 
time. 
The above description might explain why PO subjects 
performed less well during the treatment sessions, but it 
does not explain why these subjects would be significantly 
less accurate than IF subjects when revising their PO 
post-test predictions, nor does it explain why the IF 
subjects performed as well as they did on the PO 
post-test. Differences in error correction strategies 
seem to be responsible for the differences in post-test 
performance. Because the IF subjects had had the 
opportunity to correct their inaccurate command 
predictions as they occurred in the treatment sessions, 
these subjects seemed to be better able to identify and 
correct errors even when they no longer were receiving the 
immediate feedback. Since IF subjects had had numerous 
opportunities to successfully correct their "errors," they 
learned how to assess turtle moves more accurately and 
make the needed corrections to get the turtle to move as 
they intended. The primary challenge for these subjects 
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during the PO post-test was to locate the 
that was erroneous. 
specific code 
PO subjects did not have as many opportunities to 
successfully correct their code predictions. This was 
made evident by the production analyses which showed the 
percentage of final productions closely resembling the 
stimulus design for each treatment group. Overall only 
3.5% of the PO subjects' designs closely resembled the 
stimulus design; whereas 66% of the IF subjects' designs 
were close reproductions of the stimulus designs. Due to 
their lack of successful feedback, PO subjects developed 
different strategies for dealing with their inaccurate 
code predictions. Many of these subjects seemed to decide 
that since their original predictions did not create 
designs that "looked" like the stimulus one, they should 
completely discard that code and begin again. 
Unfortunately in some cases the original predictions were 
conceptually quite accurate. In an effort to do something 
different, subjects became less accurate in their revised 
predictions . 
On the other hand, IF subjects' successful feedback 
during their treatment sessions helped them to "learn" 
various turtle rules for making designs. They seemed 
better able to apply these rules for the predict-observe 
post-test design. These results are confirmed by both the 
code-sequence analysis for the predict-observe post-test 
design and the rule analysis for this design. IF subjects 
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performed better on both of these post-test measures (See 
Tables 4.2 and 4.6). However, between group differences 
found during the rule analyses were not statistically 
significant. Predict-observe subjects seemed to 
demonstrate an awareness of the rules inherent in 
reproducing the predict-observe post-test design. This 
awareness was determined by their use of the rules at 
least one time during their intial predictions. However 
it was found that PO subjects did not consistently apply 
these rules throughout the entire code sequence, and they 
applied the rules less frequently when revising their 
code. Thus their code-sequence scores reflected this lack, 
of consistent rule usage. 
Two post-test measures which seemed to yield 
conflicting results are the code-sequence measure and the 
production rating. On the predict-observe post-test 
design, IF and PO subjects did not differ significantly on 
their original predictions either in code sequence or in 
production analysis. However on the revised code, IF 
subjects were significantly more accurate than the PO 
subjects in identifying the code sequence; yet the PO 
subjects' productions on the revised code were more 
accurate than the immediate-feedback subjects' 
productions . 
One might ask how a design that is not as accurate in 
code sequence can resemble the stimulus design more 
closely than a design with more accurate code. The 
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explanation is quite simple and highlights the reasons why 
these two measures were both needed to better assess the 
treatment results. As mentioned earlier, the code- 
sequence analysis simply measured how accurately the 
subject identified the segment/turn sequence of the 
design. Quantitative measures were not considered. The 
production analyses measured how closely the finished 
design resembled the stimulus design. it did not take 
into consideration the code used to create the design. 
For example if the stimulus design were the shape shown 
below, 
and its code were RRRRRR (or LLLLLL) DDDD RRR DDDD 
RRR DDDD' and if an IF subject predicted the following 
code for that design, RR D R D R D, s/he would get a 
perfect sequence score of 9 but a production score of 0 
because the design created by that code is nonreadable. 
On the other hand, if a PO subject's code prediction was 
DDD LLL DDD LLL DDD, s/he would get a sequence score 
of 5 (one point for each turn and one point for each 
segment), but his/her production score would be a top 
rated score of 2 because the design s/he created closely 
resembles the stimulus design. 
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Thus, even though one would think that these two 
assessments (code-sequence and production) both measure 
performance consistency, they actually measure two very 
different types of information. 
The post-test measure which seems to make the 
strongest statement about the predict-observe task's 
influence on one's metacognitive awareness is the 
verbalization analysis. Immediate-feedback subjects made 
twice as many verbalizations during the PO post-test than 
they did during the IF post-test. The difference may be 
attributed partially to the novelty of the PO condition 
for the subjects; however, PO subjects did not manifest 
nearly as large a decrease in metacognitive verbalizations 
during the IF post-test, which was a novel experience for 
them. When looking only at the verbalization categories 
5 9, which are metacognitive in nature, the PO subjects 
made 58.5 comments during the PO post-test; the IF 
subjects made 56 metacognitive comments during this 
post-test. During the IF post-test, the PO subjects made 
62 metacognitive comments; whereas the IF subjects made 
only 25.5 comments that could be categorized as 
metacognitive. 
It appears that prediction followed by observation 
enhances one's reflectivity as evidenced by the number of 
metacognitive verbalizations made. However, it also 
appears that exposure to predict-observe tasks increases 
one's metacognitve statements during subsequent related 
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This can be seen by the number of metacognitive 
comments made by the PO subjects on the IF post-test task. 
Thus the predict-observe treatment, which seemed to cause 
greater cognitive disequilibrium (as determined by less 
accurate design reproductions) , in turn may have increased 
the subjects reflectivity (as determined by increased 
metacognitive verbalizations) as they tried to resolve the 
conflicts they were experiencing. 
The post-test measures taken during this study 
revealed some interesting information. However, the 
differences in treatment data that were observed were 
equally informative. For example, it was observed that 
subjects, particularly predict-observe subjects, used four 
rather distinctive strategies when revising code. Because 
the study was conducted over a brief period of time (4 
weeks) and because the children were close in age (5.6 to 
6.11) it could not be determined if these strategies had a 
developmental basis. 
One strategy used by subjects to revise their 
original code was mentioned earlier during the discussion 
on code-sequence analysis. This strategy was seen when 
subjects completely abandoned their original prediction 
and started over. Telling the turtle to draw, turn right 
and draw, accurately reflects the sequence needed to make 
a design that starts with a one and one half inch vertical 
line, turns right 90 degrees and makes a horizontal line 
of the same length. However the design created from the 
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subject s prediction (draw, right, draw) "looks" very 
erent. Since the feedback that the subject gets is so 
visually different from the stimulus design, some subjects 
could not read the graphic as reasonable and made radical 
changes when they revised them. They didn't realize that 
the only error they made was one of quantity (i.e. not 
enough draws and right turns). These subjects have 
focused only on the surface visual feedback and have not 
been able to analyze any of the pieces of code or the code 
sequence. They only visually assess the final product as 
a whole. 
A second strategy employed by subjects was to focus 
on one specific error (i.e. an omission of an initial 
turn, a segment which was too short, a turn which was not 
"big" enough). In their efforts to correct this error, 
subjects using this strategy would "forget" the design as 
a whole and would omit significant amounts of code prior 
to or after their correction. Here, "whole" is secondary 
to the one error that they have identified and are 
attempting to correct. Once again this strategy typically 
resulted in a lower code-sequence score for the revised 
prediction. 
Subjects using the third strategy would realize, 
while watching their prediction executed, that they had 
made a turn or distance error. However they could not 
identify the specific turtle commands (i.e., code they had 
dictated) which needed to be changed to correct the error, 
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so they would change all the segment lengths or all the 
turn directions. Once they had identified an error, they 
over generalized their correction strategy. The 
difference between subjects using strategy two and 
strategy three is that subjects using the third strategy 
preserve their original sequence and do not sacrifice the 
whole scheme to modify a part. Unfortunately while 
correcting one error, subjects using strategy three 
sometimes produced two or three other (new) errors. The 
end result was frequently a revision that was less 
accurate than the original prediction. Many subjects in 
the predict-observe treatment used the strategy of 
focusing on one type of error and overgeneralizing a 
correction theory to all aspects of the design. 
The fourth strategy evidenced by a few subjects in 
the PO treatment, was to identify the errors they made in 
their original prediction and correct only the errors, 
preserving the accurate code and sequence. This strategy 
was not used by many subjects. 
One must ask some questions about these findings. 
First, does a specific correction strategy persist for 
children who have received the predict-observe treatment 
throughout the treatment sessions and post-test tasks, or 
do children progress through these stages given a certain 
amount of experience? Also, why do children who have 
experienced the immediate—feedback treatment use the more 
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accurate correction strategies when presented with a 
predict-observe task? 
The answer to the last question seems to be found in 
the amount and type of feedback the subjects in the IF 
treatment received, as well as in the theories they formed 
based upon this feedback. Because these subjects could 
observe the commands they gave the turtle immediately, 
most of these children were able to correct errors as they 
occurred. This provided them with local information about 
the relationship of turtle commands and graphic 
representations. Since they could make corrections to 
individual parts of the design as they were making it, the 
end product also tended to resemble the stimulus design 
more accurately. Thus their local success and corrections 
seemed to lead to a more accurate global reproduction. 
Immediate-feedback subjects were able to use their 
previous experience and feedback to formulate strategies 
which could later be applied in the absence of continuous 
feedback. They had "learned" that one draw was not enough 
to make a one inch segment, and they had learned that one 
turn command did not make the turtle turn 90 degrees. 
Evidence of this "learning" was demonstrated on the IF 
children's post-test performance in which they were given 
a predict-observe task. Even on their original 
prediction, nine out of the sixteen children used a series 
of draw and turn commands to make the design. Only one of 
the sixteen predict-observe subjects employed this type of 
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pattern (multiple draws or multiple turns) on the first 
predict-observe treatment design s/he was presented. IF 
subjects also seemed to learn that errors could be 
corrected locally rather than by over-compensating (i.e. 
using a global correcting approach) . They were also less 
likely to disregard their original prediction completely 
and, therefore did not simply start over. 
If the feedback that the IF children received helped 
them to formulate more accurate correction strategies or a 
more accurate representation of the task's components 
(i.e. turtle command and graphic respresentation 
correspondence), why did IF subjects not perform well on 
the decoding post-test task, and why did PO subjects 
perform as well as IF subjects on the immediate feedback 
post-test? Did the predict-observe treatment condition 
increase the PO subjects' global perspective of the task 
and depth of reflectivity despite their lack of success in 
reproducing the designs? Did this in turn give them a 
better "general" map to use when decoding? This general 
mapping approach was observed in the PO children's 
reproductions of the immediate feedback post-test design. 
Specifically, PO children were much more apt to make their 
reproductions resemble the stimulus design features; 
whereas IF children tended to make their reproductions 
exactly like the stimulus design, paying careful attention 
to the specific details of the design. 
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Each group of children developed task-specific 
strategies or theories depending upon the treatment they 
experienced. Children in both treatments initially tended 
to equate turning and drawing commands. They would use the 
command "right" or "left" apparently thinking that the 
turtle would "go forward right" or "go right-then- 
forward" . This belief persisted longer in PO children 
because they did not receive the immediate feedback to 
help them differentiate the functions of these commands. 
Many times the PO children actually said "go right" or "go 
left" demonstrating a lack of differentiation between 
their understanding of the draw and turn commands. On the 
original code prediction for the PO post-test, 69% of IF 
subjects demonstrated an awareness of this rule, compared 
to 56% of PO subjects. On the revised prediction, 69% of 
IF subjects demonstrated this rule, while PO subjects 
improved to 63%. 
Both groups of children also had difficulty 
maintaining the turtle's perspective while drawing. If 
the turtle was pointing down (6 o'clock) and they wanted 
it to point to 9 o'clock, they would give the command 
"turn left". Nine o'clock is the left side of the screen 
for a person observing the computer monitor. However it 
is a right turn for the turtle when it is pointing down. 
Immediate-feedback subjects used a variety of 
"tacking" strategies to test their theories about turtle 
commands. To make a 90 degree turn, some children would 
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he turtle one time then draw a small segment. Using 
that segment as a direction indicator they would realize 
that the turtle had not turned enough. So they would turn 
the turtle again and draw again. The small drawn segments 
would be visual representations of the turtle's direction. 
The children would repeat this sequence until the turtle 
was pointing the way that they wanted it to point (90 
degrees = R, D, R, D, R, D). Other IF children would use 
a similar strategy to orient the turtle, but they would 
erase the segments once they had observed if the turtle's 
direction was accurate or not (90 degrees = R, D, u, R, 
D, U, R, D) . These kinds of adaptive strategies were not 
used by the PO children. More than likely this was due to 
the fact that they couldn't observe and assess individual 
turtle commands as discrete units but observed them during 
the execution of an entire code sequence. Perhaps this 
experimentation with turning the turtle helped IF subjects 
to learn about this function in a way that would help them 
later when the task was such that they could no longer see 
the turtle execute each command. 
IF subjects used a variety of strategies to correct 
their erroneous turns. More than half of the turning 
errors made were corrected by subjects using the inverse 
of the incorrect turning command. For example, if the 
child wanted the turtle to turn right, but gave the "left" 
command instead, to correct this directional error s/he 
would give the command "right" two times. The first would 
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cancel the left command s/he had just given, and the 
second would begin turning the turtle in the desired 
direction. Twenty percent of the turning errors were 
corrected by subjects who would keep turning the turtle 
left eleven times to reach the desired direction, 
compensating for their incorrect turn, and twenty-five 
percent of the turning errors were corrected by subjects 
cancelling their error with an "undo" command. It is 
difficult to determine if these different strategies 
reflect the child's developmental status. Inversion is a 
more efficient strategy than compensation, but some 
children who were very proficient in completing the tasks 
consistently used compensation or cancellation strategy as 
a turn correcting strategy. 
On the IF post-test design, IF subjects made a total 
of 40 turn errors and corrected 75% of these errors. On 
this same post-test, PO subjects made 37 turn errors and 
corrected 76% of these errors (See Table 4.9). There were 
no significant differences in the type of correction 
strategies used by the treatment groups; however, PO 
subjects tended to make fewer compensation corrections and 
more inversion corrections. Both groups used cancellation 
significantly less than the other two correction 
strategies. Cancelling (or undoing) a command appears to 
be the easiest strategy for correcting an error. However, 
both groups of subjects seemed to prefer to use inversion 
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more 
despite the fact that it seems to be a conceptually 
advanced correction strategy. 
In summary, these results confirm that children 
P ovided with varying kinds and amounts of feedback 
develop different kinds of problem-solving strategies. 
Children who receive immediate/local feedback during the 
task manifest different error patterns and task 
performance than children given delayed/global feedback 
during the task. As hypothesized, children in the PO 
treatment performed as well as their IF peers on most of 
the post-test measures despite their less successful 
performance during the treatment sessions. It appears 
that they were formulating effective strategies during the 
treatment sessions which helped them to perform better or 
equally well on subsequent tasks. However, the researcher 
feels that the PO task, as it was designed for this 
research project, came very close to creating a state of 
cognitive disequilibrium in the children that was too 
great for them to resolve. PO subjects seemed to become 
frustrated and confused by the discrepancies between their 
predictions and the outcomes. Instead of promoting theory 
development to resolve the cognitive conflicts these 
children experienced, it began to inhibit and interfere 
with their integration of schemes. Frequently they would 
predict completely different code, seemingly unable to 
identify the accurate aspects of their previous code 
predictions. Thus, educators should try to gauge the 
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difficulty of tasks they present to children in order to 
maximize reflectivity, without creating conflicts too 
great for children to experience successful theory 
development . 
This researcher believes that improving children's 
problem-solving strategies and metacognitive awareness 
will enhance their overall learning ability. Such skills 
provide children with the necessary tools which enable 
them to "learn how to learn". The scientific method in 
which children learn how to formulate a hypothesis, test 
their hypothesis and then draw conclusions, either 
accepting, rejecting or revising their hypothesis, is a 
valuable instructional methodology which should be 
employed regularly in elementary classrooms. The results 
of this study highlight some of the benefits of using a 
prediction-observation method with children. However, the 
best instructional technique seems to be a combination or 
progression of methodologies. Initially children appear 
to need more local and immediate feedback; however, once 
they have attained an awareness of some of the task's 
basic components, delayed and/or more global feedback can 
be used to increase metacognition. The types and amounts 
of feedback will be determined by developmental levels of 
children and type of task to be completed. Additionally, 
one should never forget the importance of success. If the 
child is unable to experience some degree of success on a 
task, the task's level of difficulty may need to be 
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reduced. Partial success motivates the child to continue 
revising theories in an effort to find a solution. This 
researcher highly encourages educators of young children 
develop activities which create appropriate cognitive 
conflicts for children. These activities induce a 
personal investment and motivation to resolve the 
conflict. They capitalize on the essence of learning — 
the desire to know and make sense of one's perceptions. 
CHAPTER VI 
SUGGESTIONS FOR FUTURE RESEARCH 
Several modifications could be made to improve the 
design of the research project implemented in this study. 
First, subjects could have been screened using a 
standardized assessment to determine if their cognitive 
abilties correlated with their performance on the tasks 
presented. Also children's visual discrimination skills 
should be assessed to determine if deficits in this area 
may have affected their overall performance. Identifying 
whether the children understood the concepts of "same" and 
different" would have also made for a more tightly 
designed study. It was difficult to ascertain if all the 
subjects understood what the examiner meant when she said, 
"Are the designs exactly the same?" Presenting 
prospective subjects with a brief screening using designs 
which were similar and designs which were exactly the 
same, would have identified any children who had visual or 
conceptual difficulties that might interfere with their 
task performance. 
The above changes address assessments which would have 
provided the examiner with more information about the 
child's abilities not directly associated with the task, 
but very capable of affecting his/her performance on the 
task. Other changes would have improved the validity and 
reliability of the data gathered. One modification of the 
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current design which would have provided the researcher 
with more valid data would have been to allow predict- 
observe subjects to make additional revisions to their 
predicted code. A second revision was informally recorded 
for this study, but since the data were not complete it 
was not used in the final analyses. However a very quick 
survey of the second revisions gathered, seems to indicate 
an improvement in code accuracy. It would have been 
interesting to see how the predict-observe subjects' 
revisions progressed or digressed. Was the second 
revision more accurate than the first? What correction 
strategies were used? If a subject had thrown out her/his 
original code when revising it, did s/he continue to use 
this strategy of starting new, or did s/he return to 
previous code predictions with only partial modifications? 
It seems that a more complete understanding of 
predict-observe subjects' strategy use and development 
would have been attained by allowing these subjects to 
make code revisions until they were successful in 
reproducing the stimulus design or until they felt they 
had done the best that they could. 
Other modifications of the present design could include 
a designated time limit for the examiner to wait for the 
subject's response, as well as specific cuing or 
questioning to elicit subject responses after the 
designated time has elapsed. Some subjects seemed 
This reluctance was not only reluctant to guess. 
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personality based, but culturally based. Certain cultures 
do not encourage children to guess when they are not 
certain about a response. These children are taught to 
respond only when they "know" the answer. Thus provisions 
for encouraging guessing need to be incorporated into the 
reseach design. 
Two modifications seem to be needed on the code/graphic 
correspondence pre- and post-tests. First, the turtle 
code printed at the bottom of each stimulus card should be 
read orally to the subjects by the examiner as s/he points 
to it. This would not only focus subjects' attention 
better on the code but would better ensure that they are 
understanding the correct sequence of the code. It also 
presents the information auditorily for those subjects who 
may not be visual learners. The second modification 
involves the scoring of the pre- and post-test cards. In 
the present study, subjects received a correct or 
incorrect score for each card. Design selections need to 
be presented to a large number of children at various ages 
so that a rating scale for each card can be identified and 
specific designs on the card would have an appropriate 
score according to their similarity (as determined by 
subjects' selections) with the correct response. Subjects 
selecting a design which closely resembled the correct 
response would receive a higher rating than subjects 
selecting a design that does not correspond closely with 
the code presented. This gradation of scores attributed 
101 
to designs would provide more precise data, and analyses 
of inter- and intra- treatment differences would be more 
accurate. 
On a larger modification scale, there are a variety of 
research studies which could be conducted using this 
project as a model. The most obvious one seems to be a 
developmental study using children from a variety of age 
levels. By doing this, one determines if there are 
developmental problem-solving stages and abilities. A 
developmental study might also help identify at what ages 
prediction and observation are most effective in enhancing 
one's reflectivity. 
Another possible study could assess if telling 
someone how to do something is more difficult than doing 
it oneself. This study would focus primarily on the 
immediate-feedback treatment. One group of subjects would 
tell the examiner the code to enter, and the other group 
would actually enter the code themselves. During the 
study presented here, several subjects indicated that if 
they could press the keys, they were sure they could make 
the design. It would be interesting to see if "telling" 
interferes with or helps one's performance. Equally 
interesting would be to assess the subjects' understanding 
of the task, given the two different conditions. Does 
telling someone else how to do something enhance one's 
reflectivity and understanding, or does completing the 
task by oneself enhance these skills? 
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Another research project would be to allow subjects, 
particularly predict-observe subjects, some unstructured 
computer time immediately following a treatment session. 
Noting how these subjects utilize this time and interact 
on the computer might shed some light upon the children's 
individual learning styles. Does a child try to reproduce 
the shapes s/he was presented earlier for which s/he might 
not have been successful in predicting the code? Even 
after the enigma has been formally removed, do children 
continue to search for solutions? What kinds of designs 
do they create given unstructured time after the treatment 
sessions? Are they similar to the stimulus designs? 
The above design modification could also include a 
third treatment group. This group would be allowed to 
explore Delta Drawing during the treatment sessions, with 
no other specific intervention administered. This 
research design could shed some light on children's 
spontaneous learning methodologies which could then be 
incorporated into a teacher's instructional techniques. 
Despite the limitations cited in Chapter III and the 
design changes proposed for future studies, much useful 
information was gathered from the present study, and many 
new questions became apparent regarding children's 
learning processes. More research needs to be conducted 
in this area before educators truly understand what it 
means to learn and understand how they can maximize one's 
learning potential. Understanding how a child s 
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metacognitive awareness affects his/her problem-solving 
abilities and learning processes in general, seems to be a 
critically important area warranting further 
investigation. The role that computers might play in 
education has not yet been determined, but its potential 
for creating learning environments seems unlimited. 
Educators need to utilize a multitude of learning 
environments and instuctional techniques in their 
classrooms, ensuring that every student has an opportunity 
to become the most effective and efficient learner that 
s/he can be. 
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appendix B 
Specific Methodological Procedures 
Placement of Subjects into Treatment Conditions 
S# 
G 
P 
IF 
PO 
Subject identified by selection number 
Good performance 
- Immediate-feedback condition 
- Predict-observe condition 
Week #1 Week #2 
PO IF PO IF 
* Sl/G S2/G S9/P S10/P 
* S3/P S4/P Sll/G S12/G 
* S5/P S6/P S13/G S14/G 
* Sl/G S8/G S15/G S16/G 
Week #3 Week #4 
PO IF PO IF 
o S17/G S20/P S27/G S20/G 
o S18/G S22/P o S28/P S32/G 
S19/P S24/G o S29/P S34/G 
S21/P S26/G S31/G S36/G 
S23/G S33/G 
S25/G S35/G 
Subjects who needed to be replaced due to a 
modification 
Subjects designated to replace PO subjects 
participated during week #1. 
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Training Procedure 
All of the immediate-feedback and predict-observe 
subjects individually received the same training 
procedure. This training was done during the first of 
the five consecutive computer sessions and had the 
following format: 
1 ’ ^h<r exarainer (Ex) explained to the subject (S) that 
Delta Drawing is a computer game in which a little 
turtle" draws designs on the computer screen. In 
order for the turtle to draw someone must tell him 
what to do by pressing certain keys on the keyboard. 
2. Ex showed S the turtle on the screen and explained 
that the turtle's head is where the point of the delta 
is. The turtle always draws in the direction that his 
head is pointing. 
3. Ex explained to S that s/he will only need to press 
the four keys on the computer keyboard which have 
colored tabs on them to get the turtle to draw 
designs. Ex then asked S to press the "D" key a few 
times. After S has had a chance to observe what 
happened, the Ex queried the S, "What does the turtle 
do when you press 'D'?" If S said, "It went up," Ex 
queried S again. "Yes, it went up but what did it do 
as it was going up?" Once S identified the production 
of a line, Ex confirmed that the turtle DRAWS a line 
when "D" is pressed. 
4. Ex then asked S to press the "R" key a few times. Ex 
queried, "What does the turtle do when you press "R"? 
Ex confirmed the fact that the turtle turns and 
emphasizes that it turns to the RIGHT when the S 
presses the letter "R". 
5. Ex asked the S to press the "L" key a few times. 
Following the same questioning format as for "D" and 
"R", the Ex queried, "What does the turtle do when "L" 
is pressed?" Ex confirmed that the turtle moves and 
emphasized that the turtle turns to the LEFT when "L" 
is pressed. 
6. Ex asked the S to press the "U" key a few times, then 
queried about what the S observed. Since the turtle 
is "undoing" the previous left turns that the S just 
made in step 5 of this procedure the Ex encouraged the 
121 
7 . 
begins°toiunHoPreSSin^ the "U" key until the turtle DeginS to undo some of the line drawn in step 3. Once 
turtle^s ^erved the Ex aaked the S again about the “ 
obsprvaf■actlonf• Ex either confirmed the S's 
commanf,10!! °r ?;nformed the s that the turtle undoes 
commands when the "U" key is pressed 
The functions of "D", "R" "l" 
reviewed by the examiner via a 
and "U" were then 
questioning format: 
"What does 
"What does 
"What does 
"What does 
the turtle 
the turtle 
the turtle 
the turtle 
do when you 
do when you 
do when you 
do when you 
press "D"? 
press "R"? 
press "L"? 
press "U"? 
After each question, if the S did not respond 
correctly the Ex provided the command word for each 
letter key. 
The subject was then allowed to explore and experiment 
using the Delta Drawing program for a period of 5 
minutes. 
At the end of the 5 minutes, the Ex queried the S 
again about the function of the keys "D", "R", "L", 
and "U" using the following format: "What does the 
turtle do when you press "D" (R, L, U)?" This time 
the Ex recorded and evaluated the S's responses. Each 
S's responses were either confirmed or the correct one 
provided. If the S could not correctly identify the 
functions for 3 or 4 of the command letters, they were 
given three more minutes to interact with the program. 
At the end of the three minutes they were again 
questioned. 
10. S's were then presented a maze (constructed with 1/8" 
orange tape on transparent acetate paper) which was 
placed on the screen with the turtle at the starting 
point of the maze. The S was told to move the turtle 
through the maze while staying on the path. Once the 
S had indicated that s/he was done with the task (i.e. 
the turtle had been moved through the maze as 
accurately as s/he could make him) the S's maze 
program was saved for error analyses data. This 
procedure was repeated for the second maze. 
11. Once the S had moved the turtle through the the two 
mazes the design/code pre-test was given. 
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